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[6th November, 1907.] 

Mr. J. H. Moore, President, in the Chair. 

The following candidates were balloted for and duly- 
elected : — 

Laurence J. Kettle, as a Member. 
William A. Cheeke, as a Member. 
James H. Marr, as an Associate Member. 

Mr. J. H. Moore, President, delivered his Address as 
follows : — 

Gentlemen, — 
I HAVE to tender you my sincere thanks for the high 
honour done to me in electing me as your President, and I 
trust that, with your support, the interests of the Institu- 
tion will not suffer at my hands. When looking over 
the roll of Past-Presidents, whose names and portraits 
are now brought before us on our walls, it is diflScult to 
avoid becoming a laudator temporis acti, and not to feel 
how unfit I am to occupy their chair. However, the Wise 
Man has said — " Say not thou that the former days were 
better than these, for thou dost not inquire wisely con- 
cerning this." To come, then, to the present, I have the 
pleasure of calling attention to the satisfactory state of 

A 
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your finances and the sinall amount of arrears outstand- 
ing. The number of Members now on our roll is 156, of 
Associate Members 89, and of Associates 46, being nearly 
the same as last year, but showing a considerable increase 
on the numbers five years ago, in 1902, when the figures 
were 140, 33, and 61 respectively. The rule made by the 
Local Government Board that our Members and Asso- 
<3iate Members were iyso facto qualified for sundry posts 
under the County and District Councils no doubt induced 
some to apply for enrolment who perhaps would not 
otherwise have done so. If all qualified engineers would 
join our ranks it would largely increase our influence and 
go far to prevent appointments being given to unqualified 
men, as occasionally happens. 

The first difficulty which meets a President is the choice 
of a subject for an Address. I propose to give a brief 
jsketch of the progress of Civil Engineering in Ireland 
and the prospects of employment for Civil Engineers at 
present. 

The first thing that requires the services of the Civil 
Engineer in any country is the construction of roads. 
There can be no civilisation without means of communi- 
cation. 

Prior to the eighteenth century means of inland com- 
munication in Ireland, and even in England, were prac- 
tically non-existent. There was nothing that deserved 
the name of roads, and few bridges. 

In England there had been, of course, the Roman roads, 
and in Ireland there were from an early period some 
roads — such as the five roads leading from Tara, two of 
which, those going north and south, are still in existence, 
and used as county roads for a few miles, and can be 
traced somewhat further. The south road reached the 
Liffey at Stoney Batter, " the stoned road," and crossed 
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the river by the ford of hurdles which gave its name to 
Baile atha cliath, now Dublin, and went on by Booters- 
town (Eoad Town). This road (and most of the ancient 
roads) was paved with large stones, and many of these 
paved roads ^re still in use, and give no small trouble to 
the modem road-maker who tries to keep the pavement 
•covered with broken stones or gravel. They run for the 
jnost part in straight lines, over hill and dale, preferring 
the tops of the hills. Part of the old road from Trim to 
Dublin, by Galtrim, is still in use and runs along the top 
of the Esker ridge. How these roads were made or main- 
tained I am unable to say. As the Irish chieftains or kings 
^ere perpetually at war, anything like road maintenance, 
in our sense of the word, was impossible. We read that 
just before the Norman invasion the construction of a 
bridge at Athlone by the King of Connaught meant a 
declaration of war against the King of Meath. 

The first King of England who treated the Irish as 
subjects, and not as enemies, was James I., and in the 
eleventh year of his reign — 1613 — an Act was passed at 
^ Parliament held in Dublin (11 Jas. I., cap. 7) by which 
the duty of repairing the highways was thrown on the 
parishes in which the roads were situated. The church- 
wardens were to meet at Easter and fix a week — before St. 
John Baptist's Day — in which the roads were to be re- 
paired — each occupier to contribute so many carts, horses, 
and men, the parish finding, if necessary, jwcks, shovels, 
and bars, lliis continued to be the sole means of repair- 
ing the roads for 150 years. Amending Acts were 
passed in 1710 and 1727, but the six-days' labour prin- 
ciple continued. As this arrangement proved quite in- 
adequate for main roads. Acts were passed, commencing 
in 1729, handing over the principal roads to trustees, 
who were empowered to borrow money, build turn-pikes, 
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and levy tolls. The first road so dealt with was the road 
from Dublin to KilcuUen, the second Dublin to Navan ; 
the roads to Dunleer and Kinnegad followed. The Acts 
limited the terms to twenty-one years, by which time it 
was expected that the roads would be in a proper state of 
repair, and the debts cleared off, but this never happened,, 
and amending Acts were passed from time to time ex- 
tending the period, until the final abolition of turnpikes, 
in 1855. The first Acts simply authorised the repair,, 
widening, and maintenance of existing roads, though sub- 
sequently new roads were made in the shape of diversions 
and extensions. 

In the period from 1753 to 1767 the finances of the 
country seem to have been in a flourishing state, for there 
was an annual surplus of about £50,000 which Parlia- 
ment voted away for public works — the total sum so voted 
amounting to £717,944. Most of this was expended on 
navigation, only £1,500 going for roads and £15,730 for- 
bridges. This sum includes £9,130 for Kilkenny Bridge,, 
an enormous sum, and expended to so little advantage, 
that after obstructing the trafiic for a century and a half, 
it is at length to be pulled down and rebuilt for about 
two-thirds of the original cost. No less than £26,716^ 
was expended on building churches. This mode of dis- 
posing of the surplus came to an end for the double 
reason that there was too much jobbery connected with, 
it, and that there ceased to be any surplus to dispose of. 

The first Grand Jury Act was passed in 1763 (5 Geo.. 
III., cap. 14), repealing the Six Days' Labour Acts and 
authorising the Grand Juries to pass presentments for- 
repair and maintenance of roads and construction of new 
roads. This did not affect the turnpike roads, and power- 
to enter into maintenance contracts was not granted till 
1777, and then only for roads the rate on which was 3d.. 
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per perch, subsequently extended to 6d. Applications 
for presentments under this and subsequent Acts were to 
be made " on the affidavit of two credible persons who 
could read and write/' that the repairs or works proposed 
were necessary and for the public advantage. Section 24 
recites that '' the roads in this kingdom are very much 
annoyed and damaged by the narrow wheels of carts," 
&c., and enacts that the owner of a cart, the tires of 
which were less than three inches wide should be liable 
to a fine of 10s., to be paid to the person who should seize 
said cart, &c., and bring the offender before a magistrate. 
Double toll was to be levied on such vehicles, and remis- 
sions granted to those which had wider wheels. Why so 
salutary a provision was ever abandoned I cannot under- 
stand. 

Under this system the by-roads improved, and Arthur 
Young, in his tour — 1776-79 — gives a glowing description 
of the good roads in Ireland. The passage has often been 
quoted, but with some omissions. He says: — "For a 
country so very far behind us as Ireland to have got 
suddenly so much the start of us in the article of roads 
is a spectacle that cannot fail to strike the English 
traveller exceedingly, but from this commendation the 
turnpikes in general must be excluded, for they are 
as bad as the by-roads are admirable. It is a common 
complaint that the tolls of the turnpikes are so many 
jobs, and the roads left in a state that would disgrace 
the kingdom." As to the by-roads he says that the resi- 
dent gentry got presentments for the roads in their own 
neighbourhood. " For a few years the good roads were all 
found leading from houses like rays from a center, with 
an intervening space without any communication, but 
every year brought the remedy, till those rays met and 
communication was complete." 
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He then describes the mode of construction of these 
roads, by throwing up a foundation of earth in the 
middle of the space from the outsides. A layer of lime- 
stone, broken to the size of a turkey's egg, was spread on 
this, with a thin scattering of earth to bind the stones, 
and over that a coat of gravel. " Their carriages con- 
sidered, no fault is to be found with this mode, for the 
road is beautiful and admirable." He explains that the 
road could carry the light one-horse carts in use in Ire- 
land, but that an English wagon would cut them to 
pieces. Most of the roads which are now in existence 
over the greater part of Ireland have been made on this 
principle, and are quite incapable of standing heavy 
traffic, especially when that traffic is carried on narrow 
tires, two inches wide. 

The Act of 1771, authorising the construction of the 
Grand Canal, recites that many of the high roads leading 
to the City of Dublin were almost impassable. An Act 
passed in 1795, amending the Act for the road from 
Dublin to Mullingar, recites that £15,000 had been 
raised in debentures, and " that the road was in a ruinous 
and impassable state, and will require a very large sum 
of money to be expended thereon in widening and putting 
same in repair," and that the tolls were insufficient to pay 
the interest and repair the road, and provides for a 
reduction of the interest and extension of the time. 

By the Act of 1855 the turnpikes were abolished, and 
the roads handed over to the Grand Juries and made free 
to the public. The debenture holders were compensated, 
and a charge imposed on the baronies which, where not 
extinguished by purchase, is paid to this day. 

The debenture holders on the roads from Dublin to 
Knocksedan, Slane, Drogheda, and Mullingar were paid 
in full; from Dublin to Dunleer they got Is. in the 
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pound ; from Kinnegad to Athlone 10a, ; and irom Dublin 
to Carlow notliing. 

Tlie Act of 1763 continued in force till 1836, when a 
new Giand Jury Act was paased and County Surveyor?^ 
appointed, who were to see that the money voted was 
properly expended. Under this Act the roads steadily 
improved, while the cost ol maintenance was reduced, 
and many new local roads were made. Had the coaches 
continued to run, no douht the main roads would have 
been extended and improved, but the advent of railways 
did away with the through traffic on the coach roads ^^ 
whif'h became almost deserted, while increased traffic 
was thrown on the roads leading to the stationsj which 
in most cases were ill adapted to bear it. 

The Grand Jury Act was repealed by the Local Govern- 
ment Act of 1898j and the control of the roads transferred 
to District and County Councik. Under this Act the 
entire initiative of any work, whether for maintenance 
of an existing road or the construction of a new road, 
rests with the District Councils, the County Councils 
having only a veto. In most counties certain roads have 
been declared to be main roads, and half the cost is 
levied oM the Couiity^at-Large^ but the District 
Councillors still control the expenditure. Several 
counties have adopted a declaration that no roads are 
main roads, so that the District Councils have complete 
control. Not only do they control the expenditure^ but 
they dictate the specification, and cases have occurred 
where the surveyor has been compelled to use inferior 
local stones and forbidden to import better material from 
elsewhere. The District Coimcila are for the most part 
composed of men of narrow views, whose chief idea is to 
make every lane leading to a few houses a county road^ 
or even to make new roads to accommodate half a dozen 
occupiers, and who are most unlikely to join with other 
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districts or oouuties to improve th€ main linea of eomnrn- 
nication. The conditions also of the purchase of land 
have become' very oneroua, the land having now to be 
bought in fee-Bimplej as for a railway ; both owner and 
occupier have to be compensated ^ and large costs incurred 
for proving title and conveyancing. It seems to me that 
unless the main roads are taken up by Government, as in 
France, and the cost charged on the whole country, with 
assistance from the Imperial Exchequer^ there is no pros- 
pect of any material extension or improvement. The in- 
creased use of motor vehicles on roads has brought the 
question to the front. As the roads have improved, im- 
proved vehicles are broiight into use to travel at higher 
speeds or carry heavier loads, and these in turn cause a 
demand for further improvements in the road. The same 
thing exactly has happened with the railways, A 
demand has been made in England that £1,000,000 should 
be expended in improving, widening, and straightening 
the existing main roads. Something of the kind is re- 
quired here. The use of steam-rollers to consolidate the 
materials is slowly but surely extending, but at first its 
introduction was looked on with grave suspicion by the 
District Councillors, who thought they were being taxed 
for the rich man's pleasure cars. It is, however, begin- 
ning to dawn upon them that they derive benefit them^ 
selves from the improved surface, and that the use of the 
rollers, so far from being an extravagance, is an economy, 
and that the system of spreading stones to be ground in 
by the traffic is wasteful and barbarous. I have no doubt 
that ere long it will be illegal to spread broken stones on 
a road unless there is a roller ready to roll them in. The 
same resnlt may be arrived at by bringing actions against 
District Councils for damage done to vehicles or animals 
by loose patches of stones. 
Although the Act abolishing turnpikes threw open the 
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joads to the public^ and established the principle that 
'' the King's highway" is free to all, and that Iroiu 
thenceforward the question as to whether a road would pay 
a dividend an the cost of it& construction was not to he 
takeii into consideration, still there is a snrvival of the 
system to our own days in the case oi certain bridges on 
which tolls are still leviedj and which are in the hands 
of private companies. A notable case which has i-ecently 
been the subject of inquiry is that oi the bridge over the 
Suir at Wateriord — an ancient woodeji structure quite 
unsuited to the requirements of the present day, and 
which it is pra]xised to recoustrutt and throw open to the 
public. The bridge constitutes the sole means of com- 
munication between the City of Waterford and the five 
lines of railway now meeting on the north side of the 
river. It is on the direct road from Waterford to Kil- 
kenny, and is the only bridge for twelve miles. When 
the question of compensating the owners came up, they 
showed that they had been making 12 per cent, for some 
years, and claimed a sum (over £90,CH)0) which would 
secure them this income in perpetuity, although it was 
admitted that the bridge could not last forever, and must 
be rebuilt sooner or later. In the end they were awarded 
about two-thirds of the amoimt claimed, and appealed 
against the award as insufficient, hut unsuccessfully. The 
estimates for building a permanent bridge range between 
i^20,0(K) and £40,0UO, according to the materials em* 
ployed. Now that the question of compensation has been 
settled, plans w^il], no doubt, be decided on and the work 
got in hands. 

Unfortunately in the early days of railways the lines 
which took the place of the highways were handed over 
to private companies, who, subject to certain restrictions, 
work them solely with a view to profit. That, however. 
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tte railways were still coiiBidered aa being public higli- 
ways is evident from the provisioas of the early Kail way 
Clauses Act, enabling private individuals to place their 
own engines and carriages on the lines and an^ange with 
the companies as to running. The authorised rates are 
made up of separate charges, for the use of engines^ the 
use of carriages^ and the use of the railway. Under thia 
clause many collieries and merchants own their wagons, 
but I am not aware that any private individuals ever ran 
their own locomotives and passenger carriages. In fact it 
was soon seen to be impracticable. The result is that the 
public are entirely in the hands of the railway companies, 
and that even where grants of public money have been 
made the lines are the property of the companies. In 
Ireland we find the whole country mapped out into dis- 
tricts w^hich, by the companies at least, are looked upon 
and treated as their private territories, and any extension 
by one company into another company's district is looked 
upon as an act of hostility. In this way we see a number 
of branch lines ending at unimportant villages, which 
can never prove remunerative. A railway or road that 
is not a thoroughfare is of little use. To give a couple of 
examples: — The Great Northern has a branch to Old- 
castle. A short extension of some fifteen miles would 
reach the Midland at Crossdoney^ but this would be an 
invasion of the Midland district. The Midland has a line 
to Kingscourt which should go on to Carrickmacross and 
Castleblayneyj but this would be an invasion of the Great 
Northern district. The results are unsatisfactory alike to 
the public and to the shareholders. It appears from pub- 
lished returns that the total capital of the English rail- 
ways is about £1,287,000,000, of which 5 per cent., or 
some £G3^ 000,000, pays no dividend whatever. The case 
in Ireland is probably worse. The original shareholders 
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of the Dublin and Meath, after some twenty years' work- 
ing, during which they get no dividend, received when 
the line was purchased one shilling in the pound. The 
shareholders of the Navan and Kingscourt did not even 
get that ; when the debentures and preference shares were 
discharged there was nothing left for them at all. In fact 
a large proportion of the money invested in railways 
might, so far as the original investors are concerned, 
have been thrown into the sea. Under these circum- 
stances it is not likely that more capital will be subscribed 
to complete or extend the existing railway system. To 
meet this difficulty a system of baronial guarantees was 
devised, by which the Grand Juries, and now the County 
Councils, can guarantee half the interest on the capital 
subscribed, the Treasury paying the other half, but this 
has been found to involve such serious risks and responsi- 
bilities, notably in the case of the Tralee and Dingle 
Light Railway, that it is practically hopeless to expect 
any County Council to guarantee any railway, and railway 
construction is practically at a standstill. Very few of 
the guaranteed lines pay more than their working ex- 
penses, and the guaranteeing bodies are bound to main- 
tain and work them at all costs. 

Several railways were of late years made in the West of 
Ireland with the aid of Government grants under Mr. 
Balfour. For example, the Gal way and Clifden. But 
even when the financial difficulties have been over- 
come in this way other difficulties arise. A free 
grant of £25,000 was ofEered to the Leitrim County 
Council to extend the existing light railway to the Arigna 
coal mines, and the Council were disposed thankfully to 
accept the gift, but the Council chamber was invaded, 
and the Councillors terrified by a mob of men armed with 
sticks, who represented the interests of the carters from 
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the mines whose occupation would be gone, and the 
scheme had to be abandoned. I understand, however, 
that it is to be revived, and the line extended to Sligo — 
let us hope with more success. A similar scene occurred 
quite recently in the same neighbourhood, where the 
boardroom of a District Council was invaded by a mob of 
labourers and the Councillors terrorised into acceding 
to their demands for cottages. 

In spite, however, of all drawbacks one large railway 
scheme has recently been started, and though still in- 
complete gives great promise of success. I refer to the 
Fishguard and Rosslare route to Waterford and Cork, 
carried out chiefly by the Great Western Railway of 
England. It certainly is cheering to find that the direc- 
tors of this great company should have taken such a hope- 
ful view of the prospects of this country as to spend such 
large sums in opening this route. The line is still in- 
complete, as trafiic between Cork and Waterford has still 
to go round by Mallow, and the railways in Cork are not 
yet connected ; but this will doubtless ere long be accom- 
plished. A somewhat more ambitious scheme is pro- 
posed in the North of Ireland, which depends entirely on 
expected subsidies from the Home and Canadian Govern- 
ments — namely, the proposal to run a railway from Bel- 
mullet in Blacksod Bay by Ballina to CoUooney (a dis- 
tance of about eighty miles), and thence to improve the 
existing line by Enniskillen and Clones to Belfast (130 
miles), to make a railway round Belfast to connect the 
Great Northern and Northern Counties Railways (a con- 
nection which is greatly needed), and so to run trains 
through from BelmuUet to Larne (about 235 miles in 
all), the trains to be run on to a ferry-boat at Larne, and 
carried to Stranraer, and thence, via Carlisle, to the 
manufacturing districts and London (about 370 miles). 
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A third rail would have to be laid down on the Irish lines 
to accommodate trains of Engli&h gange, a deep-water 
pier constructed at Belmnllet, and the harbours at Lame 
and Stranraer improTed to suit the ferry-boats. A rail- 
way from Belmullet to CJoUooney, Enniskillen, and Bel- 
fast would doubtless be of great locul advantage^ but aa 
no doubt a considerable portion of the traffic which now 
goes to Dublin would be diverted to Belfast, the Midland 
Grreat Western, and* to some extent also, the Great 
Southern and Western would suffer. It seems to me that 
in view of the great speed of modern steamships nothing 
is gained by tran3hi])iiing mails and passengers at an 
Irish port and conveying them across Ireland, This 
was pointed out some time ago by Dr, Stoney, and since- 
then the speed of steamships has enormou,dy increased, 
while that of trains is practieally stationary. The *' Lusi- 
tania " could land mails in Holyhead in less time than it 
t@kes to first land them at Queenstown, involving two* 
transhipments, then conveying them by rail to Dublin^ 
with a third transhipment, and thence by steamer to 
Holyhead, In fact I see it reported that the exj>eriment 
is actually to be tried. The proposal to carry trains across 
in a ferry certainly gets rid of two transhipments. A 
more formidable difficulty exists in the dangerous char- 
acter of the Mayo coast and the comparative narrowness 
of the entrance to Bkicksod Bav. However^ I must 
assume that the promoters have taken all these matters 
into consideration. 

As a E^yal Commi.ssion is at present engaged in in- 
quiring into the state of inland navigation in Ireland 
and the best means of utilising the canals ^ I need not 
detain you at any length by discussing them. The Irish 
Parliament made large grants in aid of inland naTiga- 
tion. One object brought prominently to the front was. 
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to facilitate the conveyance of coal to Dublin, but for 
some reason or other, except at Coalisland in Tyrone, 
no canal ever reached a coalfield, nor for that matter has 
any railway. The most extraordinary blunders were 
made in the construction of the canals. One which seems 
inexplicable consists in the fact that no standard size was 
prescribed for the locks, so that the boats of one canal 
oannot travel on another, and even on the same canal the 
locks are not of uniform width or depth, and as the 
smallest lock determined the size of the boats, the extra 
money spent on the larger locks was wasted. Enormous 
sums have been expended on these canals and navigation 
which never paid, even from the first. The Grand Canal, 
it is true, pays a small dividend, but that is in part de- 
rived from rents, and not earned by the traffic. The late 
Mr. James M'Cann, Chairman of the Grand Canal Com- 
jDany, was of opinion that canals were the one thing 
ivanted to promote the prosperity of Ireland, and 
proposed the extension of the canal from Drogheda to 
Xavan, to Kells on one hand, and to Trim, Hill of 
Down, and Edenderry, to meet the Grand Canal on the 
other. These extensions were actually surveyed and work 
begun on them over one hundred years ago, and portions 
of the unfinished canal are yet to be seen between Navan 
4ind Trim, and between the Hill of Down and Kinnegad. 
Xow that Mr. M'Cann is gone, no one seems to share his 
views or disposed to carry out his projects. 

The history of the Boyne Canal is curious. Half of it, 
from Drogheda to Carrick Dexter, was owned and main- 
tained by the Board of Works; the other half, from 
Carrick Dexter to Navan by a Board of Trustees. Carrick 
Dexter lock was defective and dangerous; each party 
wanted to get rid of their obligations and sell to the other. 
At last an arrangement was come to by which the canal 
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was put into repair by the Board of Works, and handed 
ever to a company with a capital of £3,500. The canal 
is now working, and pays a sttiall dividend on this capital, 
T^hich is less than 3 per cent, of the original cost of the 
<3anal, which amounted to about £200,000, the rest oi the 
money being abaolntely lost* 

One great objection to canals and navigations is that 
they are incompatible for the most part with drainage, 
which it is agreed is of paramount importance in the 
development ol Ireland. To keep a river dammed and a 

' country Hooded — as in the case of the Lower Bann — for 
the benefit of non-existent traffic seems very indefensible. 

In fact, no one defends it, but nothing is done bo remedy it. 

Owing chieiiy to the change in land tenure the Act of 
1863, which enables proprietors of flooded lands to form 
drainage districts, has become inoperative* A Commis- 
ision, of which two of your Past-Pi^sidents were members, 
aat recently, and collected evidence, and has issued a 
report suggesting chaugea in the law which, if carried 
into efectj would enable drainage to be carried out with 
some prospect of success. One difficulty, however, exists, 
whioh seems to be common to all public works in Ire- 
land—namely, that the cost invariably exceeds the esti- 
mate, and that when it comes to paying for the works the 

I occupiers almost invariably complain that the improve- 

[-ment is not equal to the charge, or, in other words, that 
the drainage does not pay. The excels of the cost over 
the estimate is largely due to excessive claims for com- 

[jjensation, law costs, and delays in constrnction which 
cause the addition of considerable sums for interest 
during construction. In some cases districts have been 
relieved by grants of public money, but in most cases the 
proprietors had to bear the loss as best they could. 

.According to the report of the last Commission, out of 
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£2,390,012 spent imdpr the Act of 1842, £1,348,678, or' 
considerably more than half, T^as imtten off as n dead loss, 
and defrayed by the State. On the Snek Drainage, out §£^| 
some £200,000 expended, £6T,000, or less than one-third" 
of the total, was fixed as the value of the improTemeiLt, 
£50,000 was granted by the State, £13,000 was charged 
to the counties J and the balance , some £70,000, had to be^M 
borne by the proprietors. The Bann and the Barro-w ^re ^\ 
the most urgent cases of rivers requiring drainage, and i 
it is admitted that State aid is absolutely necessary, but ^| 
it does not seem to be forthcoming. Grants-in-aid were, ^ 
indeed, promised in 1S8S, as appears from the Drainage 
Commission Keport, but they were inadequate j and, as a | 
matter of fact, nothing has flin<^ been done. When we ^| 
see the enormous losses incurred by private individuals " 
in constructing roads, railways, and canals for the benefit 
of the public, surely it is not unreasonable to ask that the . 
cost of works of admitted necessity, and which cannot pay ^M 
from a financial point of viewj should be borne by the i 
State. The outlay would necessarily be spread over a 
number of years, and if, say, £50,000 was voted annually 
for twenty years in aid of arterial drainage, with proper 
safeguards against jobbery, all that ia required would be 
accomplished without unduly burdening anyone, and the 
smaller di-strict^ could be dealt with by the proprietors 
interested on the lines suggested in the report. Should 
a workable Act be passed there are numerous districts 
requiring drainage which would afiord occupation ta 
engineers for many years to come. There is, besides, the 
maintaining of existing drainage districts which Las been 
strangely neglected in many cases, and which should be 
made compulsory. The Wilkinstown drainage district in 
Meath was so cotopletely forgotten that one of the pro- 
prietors employed an engineer (one of our members) to 
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^prepare a scheme with a view to forming a district. It 
B^as then discovered that the work had been already dene 
Hin 1850, and the BtKird of Works, on the application of 
the proprietors, had the channels cleared. Another dis- 
trict ne^ar Oldc^stle was also cleaned up by the Board ol 
Worka after a similar period of neglect. The Red Bog 
district J near Dunshaughlin, was neglected from 1850 to 
1899. It is now maintained annually. The Curraha 
district (1850) is still derelict. So that in one county 
Kmlone four districts remained derelict for aome fifty years. 
Tive districts in the adjoining County of Kildare have 
been placed in charge of the County Council --one (the 
Black water) jointly with the Meath County ConnciL 
BOne of these (the Kildare) had become wholly derelict, 
I may fairly assume that this state of affairs is not con- 
fined to Meath and Kildare, but is more or less general 
throughout the country. 
H So little sueeesB has attended the efforts to improve the 
^smaller harbours on the east coast that I do not think it 
likely that any more money will be spent on them. In 
(act J there is not traffic enough to warrant it even were 
there some prospect of success. I refer to such harbours 
as Balbriggan, Skerries, JTowth, Bray, Greystones, and 
Wick low. Recently a scheme was proposed to improve 
H^he entrance to the Boyne and the harbour at Drogheda, 
^%ut it h a melancholy sight to see the empty quays, which 
^^ remember some fifty years ago were crowded with little 
^boasting brigs and schoonern, ch iefiy engaged in the coal 
trade. The improvement of Dublin Harbour, however, 
shows what c^n be done by well-directed eferts, persisted 
in over a long series of years. Two hundred years ago it 
seemed a vain attempt to construct a harbour amid the 
sandbanks that beset the mouths of the Iiiffeyj Dodder, 
1 Toika. Now, however, we have a harbour in which 
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the " Great Eastern " lay alongside the quays, where large 
steamers can come in and go out independently of the 
tides. Such a harbour benefits not merely Dublin, but 
the whole country, and is a national asset. I have not 
seen any attempt to tot up the outlay which has been 
required to achieve this result, but I may safely say that 
if it were treated as capital, and the revenues of the port 
as dividends, it would not be a profitable concern for the 
shareholders. I am not even able to say how much of the 
•expenditure was provided by grants of public money in 
the early stages of the work, but no such grants have been 
made of recent years, and the revenues of the port are 
applied, not to paying dividends, but, after providing for 
maintenance, to paying o£E loans for improvements. 

This was the idea at the bottom of the Turnpike Acts — 
viz., that the receipts should be applied to maintenance 
and repayment of loans, but they (from whatever reason) 
never sufficed. It was even contemplated in the Rail- 
way Act of 1835, but with the proviso that only net 
receipts over ten per cent, should be so applied, and as 
the dividends on no railway have reached this limit the 
•clause is inoper?itive. It is fortunate that harbours 
have been placed on a different footing, and that they are 
not burdened with a constantly increasing charge for 
capital expenditure, as are the railways. 

We may assume that in the case of the larger harbours, 
where there is a surplus revenue available for improve- 
ments or interest on loans, that improvements will be 
made, but in the case of the smaller harbours there is no 
prospect of anything being done unless at the public ex- 
pense. A few weeks ago Sir Thomas Esmonde, Chairman 
of the Wexford County Council, called a special meeting 
of the Council to consider a proposal to borrow £40,000 
on the security of the rates to improve several minor 
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larbours in that eountj, but the proposal ^ras negatlYed, 

*ossibly if lie had put forward a lem ambitious scheme, 
'or if there had been any prospect of an equivalent f^raut 
from the State, the proposal would have met with a more 
favourable reception. 

I Three yeare ago — in 19tW — several of our members 
*vvii^ite<i Belfast, and, among other works, inspected the 
large graving-doek then in process of construction. A 
.ghort description of the dock was given by Dr. Cochrane 

Kn his Address in December of the same year. Shortly 
iter portion of the dock» which is being constructed in 
, sandbank, collapsed, owing, 1 believe, to incautious 
pumping. This unfortunate mishap has so i^tarded the 
work that it is still unfinished, 1 seaw, however, yester- 
.day a statement in the Press that the works are approach- 
ing completion. I hope that some of the engineers con- 
jiected with the work will, when n,ll is over, give us a 
]japer with a detailed account of the failure and its eaus& 
.and the means used to remedy it. There is nothing so 
instructive as an account of a failure, but, naturally, aa 
.a rule, failures are not published. 

The increasing size of ships is rendering all the older 
locks useless. The Custom House Docks in Dublin were 
built — the old dock at the same time as the Custom House, 
in 1771, and the other two drn^ks in 1820, by Rennie, all 
at the expense of the Govennnent — to facilitate the col- 
lection of Customs duties. Mr. Griffith, Engineer to the 
Port and Docks Board, has kindly furnished us with a 
copy of his report, made in 1903, to the Port and Docks 
Board, and his scheme for their reconstruction. Models 
of the present and proposed^docka are to be seen in the Irish 
International Exhibition, and a copy of a letter written by the 
Secretary of the Ballast Board in 1845, stating that the docks 
jad been constructed in 1820 at a cost of £588,000, but 
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that no provision had been made for an increase of depth 
in the river, and that then, after twenty-five years, the 
river had been deepened four feet below the sill of the* 
docks, which were unable even then to accommodate the 
vessels using the port. 

Some twenty years more elapsed, and in 1866, after 
much haggling on the part of the Treasury (who wanted 
£40,000) and the Ballast Board (who offered £30,000), the 
docks and warehouses were handed over to the Ballast 
Board for £33,000, being ten years' purchase of the rent 
of the warehouses — ^no value being put on the docks, whict 
were transferred on the understanding that they would 
be made suitable for the trade of the port. The Dublin 
Port and Docks Board succeeded the Ballast Board in 
1867, and decided that they must deepen the quays along- 
the river before beginning the docks, and for the last 
forty years the work of reconstructing the quay walls and 
the construction of the Alexandra Basin has proceeded 
steadily, with the result that such large vessels now enter 
the port that the docks are quite useless, and as new 
warehouses have been constructed lower down near the 
vessels, the warehouses at the docks are being deserted 
too. Mr. Grifiith's estimate for reconstructing the docks 
and the quay walls adjoining on both sides of the river 
is £521,000, and the question is — ^Where is the money to 
come from? The matter seems to me to be of national 
and not merely of local importance. According to Mr. 
Griffith's report a total sum of £700,000 was expended 
by Government on the construction of these docks, which 
for sixty years have been of little or no use to the port. 
Surely it would not be unreasonable to expect that some 
portion at least of the much smaller sum required to 
reconstruct them should be defrayed out of the public 
parse. I fear if the work has to wait till it can be done 
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nut of the surplus revenues of the port another generation 
irill have passed uway before any thing can be done. 

It is just thirty-niue years since the Yartry water i^as 
brought to Bubliu, aud siure then waterworks have been 
i-onstructed in the larger towns and villages » but a <ron- 
^siderable field fur employmeut is still to be looked for in 
Mipplyiug the smaller towns and villages with waterworks 
and sewers. The liural Distrii-t Councils are expending 
sums, considerable in the aggregate, on sinking wells and 
erecting jmmpa throughout the country to supply the 
wants of the rural population^ liiit wells and hand-pumps 
are obviously insufficient for towns or villages, and as 
the necessity for a \nne water supply is universally ad- 
mitted the Urban and Rural District Councils find it 
impossible to defer any longer to take steps to meet the 
want. One of the difficulties is to fix the area of charge ; 
but there is this advantage in waterworks that they are, I 
may safely say, jmying speculations, and that the charge 
for water supply is invariably less than the cost of band* 
pumping and carriage of w^ater from wells. In the^e 
schemes the mode of distribution is mueh the same in 
every case, but considerable diversity ncce^^swirily exists 
in the source of supply, which is sometimes derived from 
a river or well, the water having to be pumped into a 
service tank or else from a gathering ground with a 
gi^vitation supply. 

In Meath the towns of Kells and Navan have had 
I -waterworks for some few years, the supply being pumped 
I irom the rivers into service reservoirs on adjacent bills. 
Waterworks for Trim are being const rtictetl, the supply 
being derived from a sjuing and pumped into a tank, 
Tsrhieb is to be made of Hennebique reinforced concrete— 
the third tank whieh has l>een constructed of this material 
in Ireland. But Oldcastle and Atbboy and other smaller 
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villages are still without water supply, and the same state 
of affairs exists generally throughout the country, and 
will continue for some time to give employment and 
afford opportunities of exhibiting engineering skill in 
selection of sources of supply and means of storage. But 
laying on a supply of water brings with it the absolute 
necessity for a system of sewers to carry off the waste, 
and sewers do not commend themselves to the popular 
mind in country districts. They are costly to construct,, 
liable to get choked and out of order, and a serious diffi- 
culty always arises as to the disposal of the sewage. In 
fact, if the provisions of the Rivers Pollution Act were 
strictly enforced it would be practically impossible to- 
construct any sewers at all. All systems of purifying^ 
sewage are costly, and all, when intrusted to the average 
caretaker for maintenance, unsatisfactory. A filter that 
has become clogged with dirt is worse than no filter at all, 
and I fully concur in the remarks made by Mr. Kaye 
Parry at the Sanitary Congress, that if the solids are 
removed in settling tanks the fluid effluent may safely be 
discharged into a running stream. It must be recollected 
that the sewage of villages, as a rule, contains no dis- 
charge from manufactories. It is largely diluted with 
rain-water, as separate sewers are out of the question, 
and the quantity compared with the volume of water in 
most rivers is quite inappreciable. For example, all the 
sewage of Navan could be discharged by a 12-inch pipe. 
As a matter of fact, there are four outfalls, three into the 
Blackwater and the main outfall into the Boyne, and the 
sewage has been discharged direct into the rivers for 
some twenty years without causing any nuisance. Shoals 
of little fish can be seen at the mouths of the sewers. I 
find, however, since writing this, that the Urban Council 
are threatened with an action unless they adopt some 
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means of purification. The whole sewage of Trim goes^ 
into the Boyne, and ten miles lower clown the whole 
water snpply of Kavan is pumped from the same river, 
Before this water sup]ily was provided ior Navan a jug 
of pump water would go had and become offeaaive in 
twenty-four hours, but water from the Boyne «bove 
Navan kept sweet in bottles for a month. The whole 
sewage of Kella goes into the Blaekwater. 

Eeeently it was proposed to eonatrnct a system of 
sewera in Athboy, but it fell through owing to the im- 
possibility of complying with the requirements of the 
Local Government Board as to purification. A sewer was 
then made in the main street by the County Council^ nomi^ 
nally to carry off surface water, but which intercepts and 
Carrie?^ oE the sewage which was the immediate cause of 
complaint, and discharges it direct into the Athboy river,. 
without causing annoyance to anyone. The whole ques- 
tion of the disposal of the sewage of the smaller towns 
and villages and, I would addj of the workhouses 

b throughout the country, is in a most unsatisfactory state^ 
and it is certainly to be regretted that a law should be ou 
the statute book which it seems to be imjxissible to comply 
with. The Kivers BoMution Act contains a saving clause 
that sewage is not to be di:^'barged into a river till it hast 
been freed from its polluting ingredients " by the best 
practicable and available means,'' which in moat cases- 
seem to be no means at all. 

The Main Drainage Works in Dublin have undoubtedly 
removed the nuisance created in the Liffey above the new- 
outfall works at the Pigeon House, and the sewage is 
there disnharged into the river without fuither purifi- 

tion beyond precipitation of the solids and treatment 
with lime, but the settling tanks are very offensive, and I 
iear a fresh and serious nuisance will arise there which 
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will occaaion trouble in the future. The Rathmines 
sewage is discharged direct into the river further down, 
road detritus being intercepted by catch-pits. 

The sewage of Belfast is discharged into the Lough, 
and has had the effect of promoting the growth of a green 
seaweed on the sloblands which gives an offensive smell 
at low water. How this is to be remedied is not very 
apparent. 

Cork is still without intercepting sewers, but I see that 
a scheme is in contemplation. 

Another source of employment for our junior members, 
and which bid?, fair to last for some years, is in the super- 
vision of the building of labourers' cottages. It can hardly 
be called architecture, especially since stereotyped plans 
have been issued, and it certainly is not engineering. 
Still, as the work is entrusted to the surveyors of the 
Urban and District Councils, many of whom are Asso- 
ciate Members of our Institution, I can hardly pass it by 
without some reference. The first of these cottages was 
built some twenty-five years ago, and the work has gone 
on pretty steadily at the rate of about 1,000 cottages a 
year, but it is now proposed to expend £4,500,000, which, 
with purchase of plots, &c., will suffice to build some 
26,000 more, as fast as they can be built, 200 to 400 in a 
single union. The mere marking of the sites on the 
Ordnance maps runs into hundreds of pounds to the sur- 
veyors, and though the fees are cut to a minimum they 
will amount in the aggregate to large sums. It is obvious 
that there are not contractors nor tradesmen enough in 
the country to build all these houses in a couple of years. 
Unless the work is spread over several years the glut of 
work will inevitably give rise to considerable incon- 
venience and disappointment. 

I should have wished to say something about the ex- 
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tension of electric tramways and the prospects of electric 
traction on railways. Electric traction has been success- 
fully employed for comparatively short distances and 
light traffic, but I have no doubt myself that it will not 
stop at this, but will ultimately be used for long distances 
and heavy traffic. But as electric engineering was hardly 
thought of in my college days I must leave the matter to 
more competent hands. We number several electrical 
engineers among our members, and I trust that some of 
them will favour us with papers giving the result of their 
experience and the prospects of future extension and 
development. 

In conclusion, I am disposed to take a hopeful view of 
the situation. When we remember the dreadful crisis 
through which the country passed in the first half of the 
last century — a rebellion, a tithe war, and a famine — 
and the steady progress which has been made during the 
past fifty years we may, I think, feel assured that this 
rate of progress will not only be maintained, but in- 
creased. Much has been done, but more remains to be 
done. The evil of jobbery, which affected public works 
so much in the past, has been, if not wholly prevented, 
at least minimised by the publicity which attends all the 
proceedings of the new boards and councils. Quarterly 
reports, half-yearly audits, and occasional sworn in- 
quiries go far to prevent any member or official of the 
councils from straying from the path of rectitude. If 
they do, they are pretty certain to be exposed. 

Of course the maintenance of law and order is a sine 
qua non, and we must only hope that such examples of 
mob law as I referred to as taking place in Roscommon 
and Leitrim will be rendered impossible. To carry out 
public works the first requisite is money, and to get money 
there must be credit, and credit is easily damaged by 
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such proceedings. So far, however, Irish credit is good, 
the arrears of instalments and interest on past loans being 
almost negligible. 

I look forward with confidence to a prosperous session,, 
and that with increasing numbers and increasing in- 
fluence we shall maintain the high standard bequeathed 
to us by our predecessors. 

On the motion of Mr. J. P. GRiniTH, Past-President,, 
seconded by Mr. William Eoss, Past-President, a vote 
of thanks was unanimously passed to Mr. J. H. Moore for 
his Address. 



[4th December, 1907.] 

Mr. J. H. Moore, President, in the Chair. 

The following candidates were balloted for and duly 
elected : — 

James T. Jackson, as a Member. 
George H. Knowles, as a Member. 
James Quigley, as an Associate Member. 
John Smith, as an Associate Member. 
Richard H. C. Hall, as an Associate Member. 

The Quebec Bridge Disaster. 

By W. E. Lilly, D.Sc, Member. 

On the afternoon of Thursday, the 30th of August last, 
the greater portion of the great cantilever bridge over the 
river St. Lawrence, at Quebec, collapsed, carrying with it 
some eighty-five workmen, of whom seventy-five lost their 
lives. The death-roll has been exceeded iu some previous 
bridge disasters, but in other respects the catastrophe at 
Quebec is unparalleled. 

The bridge when finished was to have exceeded the span 
of the Forth Bridge by some 90 feet, and would have been 
the largest span in the world. Mr. Theodore Cooper was 
the consulting engineer, and is perhaps the leading bridge 
consultant in the United States of America, and asso- 
ciated with him were Mr. E. A. Hoare, Chief Engineer, 
and Mr. J. S. Deane, Chief Engineer of the Phoenix 
Bridge Company. The contractors, who were also the 
designers of the structure, were the Phoenix Bridge Com- 
pany, of Phoenixville, probably the largest bridge-build- 
ing firm in America. From these particulars it would 
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appear that the highest talent in America, together with 
all that forethought could assure in the way of modern 
plant and material, was available. Such being the case, 
it is a matter of concern to all engineers to ascertain the 
causes underlying its failure. 

The bridge was intended to carry two railroad and two 
electric car tracks, a highway, and two side- walks across 
the River St. Lawrence, and is shown as it was two days 
before the. disaster on Fig. 1, and on Fig. 2 after the 
catastrophe had taken place. It was situated eight miles 
west of Quebec, and was to have been 3,240 feet long, 415 
feet extreme height above low water, with a centre clear- 
ance of 150 feet above high water, and notable for its 
50,000,000 lb. centre channel span, 1,800 feet long. Steel 
alone renders possible the construction of structures of so 
great a magnitude. 

The structure was of the pin- jointed, open connected 
type — a feature of American practice in which every 
endeavour is made to reduce the amount of work done at 
the bridge site to a minimum, everything possible being 
done in the permanent bridge works of the contractor. 
The system had peculiar advantages at Quebec owing to 
the Canadian winter being five months long, and the 
necessity of stopping all work on the bridge site during 
the winter months. Figs. 1 and 3 give a good general 
idea of the structure, the parabolic chords of the canti- 
lever consisting of eye-bars, and the lower parabolic 
chords rectangular boxes having four webs connected 
together by a light bracing, and through which pass the 
pins for the main verticals. The main vertical compres- 
sion members were of the open type, the sides being con- 
nected together by light open bracing, the other compres- 
sion members forming the bracing of the trusses were 
also generally of this type. The trusses as designed were 
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of the single intFrsectioii tvp^. This form of const ruc- 
t'oo, as will be speii from Figs, 1 and 3, necesaitated 
subsidiary bracing members for the long oompresaioa 
Terticals. 

Great advantag-es were claimed for the American system 
of construction in the matter of lightness; and in com- 
paring' the Forth and Queliec Hridift's it was pointed out 
that the dead load in the case of the former was nine and 
a half times the live load, whilst the corresponding figure 
for the latter was four and one-third to one — an apparent 
economy of some fiO per rent. The claim that this differ- 
ence was due to the adoption of the American system of 
construction is, however, not tenable, as in the Forth 
Bridge a very much higher factor of safety had been 
adopted. In that structure the steel used in the com- 
pression members was not in any case stressed to m(»re 
than seven and a-half tons per square inch, inclusive of a 
wind load of 6G lbs. per square foot, reckoned on twicp 
the vertical projection of the structure, whereas the 
maximum stresses in the Quebec Bridge was nearly fonrteen 
tons, or a factor of safety of nearly one-half that of the- 
Forth Bridge, 

Mr. F, W. Skinner^ the correspondent to *' Engineer- 
ing,^' writing from the Bv&ne oi the disaster, said that it 
seemed impossible to attribnte the failure to anything but 
bad design and proportions of the structure. The material 
after examination appeared to be first-class^ and the- 
stresses in the various member a did not in any ease ex- 
ceed three-quarters of the estimated load. Every car& 
had been t^ken in the erec^tion, and only experienced men 
employed. 

The following points were noticed after the collapse — 
that in the body of the members where the lattice-work 
connected together webs or channels that nsually the- 



THE QUEBEC ElUDGE DISASTER. 



lattice work buckled or aLearptl oi¥ the rivets, and allowed 
the webs to buckle ami wreck the member before it 
developed its fall compression strength. Evidently if a 
portion of tbe same total weight of steel in the member 
bad been distributed in diuphra^m^ or full-length cover- 
plates, the ultimate strength and efficiency of tbe mem- 
bers would have been increased, as the complete 
rectangular cross-sections formed by the tie-plates were 
generally found whole. The west truss lower-chord (shown 
in Fig. 4] in panel 9 eountinj^ from the anchor pier, 
or second from the main pier, was 57 feet long, and in- 
clined at an angle of about 45 degrees with the horizontal. 
It was proportioned for a mux imam working load of 
10j2(j8,UOO lbs,, and had a sectional area of 735 square 
inches, and, like all the other loMer«ehord members in 
the anchor arm, was built with four wcbsj four and a-balf 
feet deep, connected by flange cover-plates at the ends 
and by intermediate angle-bar latticing on both tlangea, 
and was about six and a- half feet wide over all. After 
collapse this member was found in worse conditiun than 
any other lower-chord section visible, being bent to the 
shape of a letter S. The corresponding member in the 
opposite truss was reported to be almost as had. 

An analysis of the balanced stresses at the main pier, 
and the results of suddenly removing one of the reactions 
there, together with the longitudinal movement of the 
anchor-arm trusses in falling, and the fact that the top- 
chords as a whole remained unbroken are interpreted as 
strong, if not conclusive^ evidence that the initial failure 
occurred in panel 9 of the lower-chord of the west truss 
of the anchor-arm. But so far there has been no evi- 
dence discovered in the wreck tending to indicate in any 
degree the cause of the failure of the member. 

It is, howeveri very significant that two days before the 
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^llapse it was reported to tlie f^hief engmeer that the 
webs of west lower-chord No. 9 were Imekled. 

The author is of the opinion that the causes of the 
^disaster as mentioned were correctly diagnosed. Failure 
in engineering stiiictures uanally takes place by the 
collapse of a compression member, and is seldom due to 
the breakdown of the tension members. Moreover, the 
calculation re<|uired for the design of the compression 

oes not proceed with the same accuracy as in the cage of 

he tension members, and their design proceeds upon lines 

hich are often more or lens empiricab 
Various reasons have been advanced in the technical 
Press to account fur the failure of the lower-chord mem- 
bers referred to, the weakness of the design in the adop- 
tion of the lateral bracing, the influence of size as affect- 
ing the strength of such members, the fact that Enler's 
formula for columns only takes into consideration 13. 
TToung^a modulus of elasticity, and does not involve tlie 
strength of the materiaL These and other explanations 
have been put forward in a tentative way to account for 
the failure, and it is not to be wondered at if the engineer 
suspends his judgment amongst so many conflicting 
-opinions. 

In a previous paper ifl?hich the author had the honour 

f reading before the Institntiou on ** The Economic De- 
sign of Columns,^' it was shown that some remarkable 
wave phenomena occur in connection with the secondary 
flexure of columns, and that the bearing of this y>heno- 
mena upon the failure of columns was important, and 
that the ordinary formulas used for the design of columns 
4id not take into consideration aecondary flexure. There 

seems to be but little doubt that the failure of the chord 
members in the Quebec Bridge was due to this cause, and 
that the eftect rjf secondary flexure had been neglected in 
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their design. It is now proposed to bring forward soine 
further experimental work bearing on this subject, and to 
point out in what way the design of the chord members 
was defective when considered from this point of view. 
Before doing so a short resume of the proposed modified 
formula, together with the experiments on struts of 
circular section, will be given. 

If a short hollow metal tube be tested under direct 
thrust in the testing-machine it will fail by secondary 
flexure, or wrinkling, and the tube breaks up into a series 
of waves. It is to be noted, however, that in every strut, 
even with small loads, the wave formation exists; but 
until the elastic limit is passed, the deformation is so 
small as to make its observation impossible. From a 
comparison of the results obtained from a large number of 
tests it was shown that as the tube gets larger in diameter 
and the thickness smaller, the load producing failure 
becomes smaller, and it is not until the length of the tube 
becomes less than the length of one wave that the load 
producing failure approaches the resistance to compres- 
sion of the material. Hence the true strength to compres- 
sion of the tube is the load which produces the wave for- 
mation. From the experiments, and also from the 
analysis, of these waves it was found that the wave- 
length varied as the square root of the area of the cross- 
section. This result leads to the following equation lor 
the limiting load : — 

/=-^ • . . (1) 

Z 

where 

/ z= the limiting load in pounds per square inch on 

a column of one wave length. 
F = the strength to compression of the material in 
pounds per square inch. 
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k = Si constant =: ^ for mild steel ^ ^^ for wrought 

iron* 
p :^ the radius of gyration of the circular cross- 
section of the column about a diameter. 
t — the thickness of the circular crosa-section* 
I'or circular sectional which approximate to a solid bar. 



the value 



0-0.5) 



should be used for -f : for the usual sec- 



tions in practice the 0,5 is negligible. 

The abcve formula with the constants as given applies 
to circular sections. Further experiments on square, 
triangular, and other Bjmmetrieal figures show that the 
form of the formula is correct, the coefficient k having a 
particular value for each figure, and the values so far 
obtained indicate that the value of k is always greater 
than for the circular sections. A great deal of experi- 
mental work yet remains to be done before precise values 
for the different figures can be given t^ this coefficient. 

The foregoing experiments show that in estimating the 
strength of th^ strut it is not sufficient only to consider 
the length and the radius of gyration of the cross-section, 
but that &ome provision must be made to allow for secon- 
dary flexure, A means of doing this will now be con- 
sidered. 

The Rankine-Gordon formula for struts is : — 



where 



^+'0' 



/-=. about two-thirds the compressive strength of the 
material ; for wrought iron ^ 36,000 lb. per 
square inch* 
A — area of the cross-section, in square inches* 
t! = -g^ji ^or struts with round ends. 

c 
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c = jzhun ^^^ strats with fixed ends. 
I = length of strut, in inches. 
p = radius of gyration, in inches. 
P z= total load on strut, in pounds. 
p = load per square inch on struts, in pounds. 
From the inspection of this formula it will be noted 
that the following conditions are supposed to hold true, 
that the strength of the strut is proportional to its sec- 
tional area, the other terms being supposed constant ; also 
that any arbitrary value of p can be assumed, and there- 
fore any ratio of p/t^ without affecting the strength of the 
strut. It will be evident from the investigation on the 
effect of secondary flexure that these conditions do not 
hold true, and therefore the formula requires modification 
in this respect. 

Now it can be shown from theory that the formula can 
be put in the following form : — 

^-'^=^©' ■ ■ " 

where E = Young's modulus of elasticity, and m a con- 
stant, the other terms having the same significations as 
already given. 

Referring back now to equation (1), the value of / has 
been shown to depend on the deformation due to secondary 
flexure, and not upon the strength to compression of the 
material. The arbitrary constant / in the Eankine- 
Gordon formula thus becomes a variable, and, on substi- 
tution of the value obtained for/ in equation (1), the fol- 
lowing modified formula is obtained : — 

m F 
where c = — y^- This formula takes into consideration 
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hoih. primary and secondary flexure, and its solution in- 
volves the length and the figure and thickness of the 
cros8-ee<?tion of the strut. Also, by giving values to k 
pertaining to the difierent figures of the cross-section, it 
-can be applied generally to all forms of struts. 

To determine the proportions of the economic strut it 
is necessary to express the thickness t in terms of p and 
the area A of the cross-section. ]S"ow the area admits of 
being expressed in terms of its mean length and thick- 
ness. Thus, in the case of the circular cross-section, if r = 
the mean radius, then 2 tt }■ e = A, also for thin sections 

A 

r = \/2 p nearly; hence, -^ y^- — ^ t On substitu- 
tion of this value in equation (3), and differentiating with 
regard to p and p as variables, the condition obtained for a 
oiaximum is 

This result gives a rapid means of approximating to the 
proportions of the economic strut, and with different 
values of k applies to all forms of cross -section. 

From a careful comparison of the published tests on solid 
columns J the best value to adopt for m is unity , giving 
K 



c = 



r^E 



and if for mild steel, F = 80,000 and E = 



30,000*000j the value obtained for c is ^qV^ "^^^'y; **lso 
from the experiments on secondary fleiure, the deduced 
value of k for mild steel is J, and on substitution for the 
constants the modified formula for mild steel struts with 
rounds ends is 

80,000 



4000 \p/ 
Before proceeding to discuss the relative value of the 



i + if + 
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different forms of cross-section and the most economic pro- 
portions for struts, an example may be given of the use 
of the formula which will show the necessity of providing 
against the deformation due to secondary flexure. 

Two circular struts, shown in Fig. 5, were cut from the 
same length of tubing, and were thus identical in every 
respect; one of these was cut along its length, and the 
other was left intact; the struts were then fitted with 
round ends and tested. The load producing failure on 
the cut tube was 25 per cent, less than that carried by the 
other. 

H^ow if the load carried by these two struts had been cal- 
culated by the Ilankine-Gordon formula, or any other of 
the usually known formulae for struts, the values obtained 
in both cases for the load producing failure would have 
been the same — that is, the formulae only take into con- 
sideration the length and the radius of gyration, and do 
not consider the way in which the figure or shape of the 
cross-section may be built up. From the inspection of the 
struts shown in Fig. 5 it will be seen that, owing to the 
secondary flexure, the manner of their failure is different, 
and the strengths of the two sections cannot be compared 
together as having equal strength. 

The modified formula makes provision for this, and in 
comparing two such struts different values for k would be 
used, for the circular section k is ^, and for the split 
circular section of value of Jc is about J. It follows then, 
in designing the cross-section of a strut, that the figure or 
shape and the thickness must be considered together. 

In the modified formula it has been shown that for any 
particular figure there is some particular value of 7c, and 
when this is given, the economic proportions for the strut 
can immediately be determined. The question then 
arises as to what form the figure should take in order to- 
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design tlie Birut of maximum economy, Now F and c ard 
constants in the fonnnla, and it is the coefficient h which 
depends on the figure of the crosa-section. If k then is 
kept as small as possihle, the value of the load carried will 
be the greatest possible. 80 far as the investigation on 
diflierent sections has gone^ the value oi k is least for the 
hollow circular sections ; hence the circular sections give 
the strut of maximum economy. 

The foregoing demonstration proves the neceaeity of 
allowing for the influence of secondary flexure on the 
figure of the cross-section in detemiining the strength of 
the strut. In order to do this, it is necessary that the 
values of the coefficient k for the different figures of cross- 
section should be determiued. So far this has only he€m 
done for a few figures, and the values obtained have been 
derived from tests carried out on small specimens, for 
which reason they can only be looked upon as being 
approximate. 

The different figxires of the cross-section referred to 
are shown on Figs. 5a, 5b, and 5g, and may be considered 
in each case as being derived from the solid bar, the 
thickness of the cross-section is supposed to remain 
uniform as its figure gradually gets larger. 

N F 
From the analysis the coefficient k is of the form ^^'— ? 

where ^ represents what may be called the tabular 
number of the figure. The nnmbers for each figure are 
shown on the left-hand side of the sections, and by mul- 
iiplying these numbers by the strength to compression of 
the material divided by its modulus of elasticity, the 
-value of it for that figure is immediately determined. 
It will be noticed that \\\ dcteruiining the constants c and 

F 

k tliat the factor ^ft is common to both ; hence it follows 
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that the economic proportions of tt© strut do not depend 
upon F or E. 

Tlie illustrations in Figs. 6 to 13 show the wav© 
formation due to secondary flexure of the difierent 
sections in Figs, 5a, 5b, and 5c, and will prove of interest. 
As already remarked, wave formation of some kind exists 
in every strut, but within the elastic limits the smallness 
of the deformation makes its observation impossible. 

The causes to which the failure of the Quebec Bridge 
may be attributed can now be discussed. Before doing- 
so, however, it is advisable to consider the manner of 
failure of a strut in which the figure of the cross-section 
ia a square, and in which two parallel sides are thick 
compared with the other two sides, as shown in Fig. LI, 
If a short length of this strut be taken and placed under a 
direct thrust, it will, owing to the secondary flexure, take 
up a wave formation similar to that shown in Fig. 14 and 
that of the specimen shown in Fig. T ; and if the side^ are 
of equal thickness, the wave-length becomes a minimum 
for that particular cross-section, 

Now suppose that one pair of the parallel sides becomes 
thin compared with the other two sides^ then the wave- 
length increasesj and in tlie limit when the sides disappear 
altogether, the two thick sides become two separate struts, 
as shown in Fig. 15. The strength, then, of ajatrut of 
this kind to resist secondary flexure is a maximum when 
the sides are of equal thickness, and the manner of its 
failure is somewhat as shown in Fig. 16. The wrinkling- 
or crumpling up of the side of the strut introduces com- 
plications^ and the laws of simple bending can no longer 
be said to bold true^ more especially when the elastic 
limit is passed ; also, the thinner one pair of sides becomes 
relatively to the other the more pronounced does this eftect 
become. The weakness of the thin sides in bracing or 
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^connecting togetlier tke tliick sides, for the transmission 
of the bending and shear stresses, is evident. 

I Some interesting cases of the deformation due to secon- 
dary flexure in girder and struts are given in " Clark's 
Britannia and Conway Tubular Bridges/' and the de- 
scription of the classic experiments of Pairbairn, Hopkin- 
flon, and Stephenson in determining th© hest proportions 
of the various members of these structures are instructive 

,and interesting^ 

f Consider now the effect of applying a direct thrust to a 
short strut of a similar cross-section to that of the lower- 
chord member of the Quebec Bridge, as shown in Fig, 17, 

.The deformation caused by the s^ondary flexure will take 

pmp a wave formation somewhat as shown in Fig, 18, with 
the result that severe stresses would be set up in the bracing. 

I The length of the wave depends upon the thickness of 
the sides compared with the mean thickness of the brac- 
ing in a similar manner to that of the square strut shown 

I in Fig. 7. In the case under consideration the complete 
wave-length is nearly equal to the distance apart of two 
of the horizontal members of the bracing. The reason for 
this is that owing to the sides of the struts being built up 
of plates and riveted together, they are relatively flexible 
compared with a solid bar of the same total thickness. 
The sketches of the two struts shown in Figs. 19 and 20 
will make this clear. In the built-up strut for small 
deformations the plates slide over one another, notwith- 
standing the rivets, and it cannot be assumed that the 
bending is the same as for the solid strut of Fig. 20, 

I If the wave-length had been greater than that given 
above, the buckling of the web and the failure of the 
bracing wonld have taken place simultaneously, and the 
collapse of the bridge would have taken place two days 
earlier. From the views that have been put forward in 
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th© foregoing investigation the way in which the cord 
member failed was probably as follows: — Under the 
applied load the strut had a Bmall deflection, and one side 
of it showed signs of buckling, somewhat as shown in an 
exaggerated manner in Fig. 21 j under the increased load- 
ing the deflection increased, severe stresses being set up in 
the bracing, causing it to faiL The side of the struts 
then approached each other, and the collapse of the strut 
as a whole took place. 

The failure is to be attributed to the bad disposition of 
the material in the cross-section of the strut. If the same 
material had been distributed in the form of a stiffened 
hollow square or a circle, it would have carried the cal- 
culated stress with safety, althongh the factor of safety 
would have been small. In the Forth Bridgfe the com- 
pression members are of hollow circular c ro ss- sect ion j and 
judged in the light of this investigation of maximum 
economy, their daaign is a fitting memorial to the in- 
tuition of the late Sir Benjamin Baker, 

The published formulse used in designing the compres- 
sion members of the Quebec Bridge do not in any way 
take into consideration the figure of the cross-section of 
these members; and, moreover, the forms of the formulae 
are open to criticism^ not being based on the usually- 
accepted theory of flexure. The values obtained from 
their use would certainly not agree with those obtained 
from a large range of experiments; within the ordinary 
practical ratios of Ijp from 40 to 80, the values obtained 
would be fairly approximate, but their use could not with 
safety be extended beyond these values. 

The experimental work on which the views put forward 
in this paper have been based has been mostly carried out 
on small sections; this has, of necessity, been the case 
owing to the small size of the testing-machine in the 



I 
I 



THE QUEBEC BRIDGE DISASTER. 



41 



^engineering laboratorj of Trinity College, Dublin, and 
\ie want of a sufficient endowment for earrjing on 
research work. The phenomena accompanying gecondary 
flexure have a very great influence on the economic design 
of girders J beams, struta, and other engineering strnc- 

Iturea ; and it is to be hoped that money will be found for 
paiTying on research work in this direction. 
L Me. J. P. Ghiffitii (Past^President), in proposing a 
(Tote of thanks to the author, said the paper was a valu- 
able one, for the subject was attracting the attention of 
engineers not only in America but over the whole of 
Europe* As engineers they approached failures of the 
kind with something like reverence and a certain amount 
of awe, Pew of tbem had not had failures of one kind 
or another, but very few had experience of anything 
approaching this disaster. Those who had followed the 
fe of Theodore Cooper and his work as an American 
enginever could not fail to sympathise ver^^ deeply with 
him in his old age at this culminating failure of what 
they might call his life-work lie did not wish to express 
y Dpinion as to the actual responsibility for the failure, 
ut certainly Mr, Coopers name was associated with the 
designs and the carrying out of the work. This had been 
accepted by the public as a guarantee that this great work 
ght be faced with confidence. It was, therefore, with 
sincere regret that he thought of this disaster, and his 
sympathy went out to the old man who, when he was 
drawing so close to the end of his great professional 
career J should be faced with such a momentous occur- 
rence. He confessed to considerable reluctance in dis- 
cussing this paper of the author until they had the de- 
cision of the distinguished Commission which was in- 
vestigating the disaster. They awaited their verdict with 



ei 
hi 
I thf 

de; 
I ^acc 

I sm 




42 



THE QUEBEC BKID<JE DISASTER. 



mten§e interest. He listened to the paper with very 
great interest, and he agreed with the author on the lines 
he took Tpith regard to weak character of struts where the 
webs are light in comparison with what they might call 
the flangea. They could not shut their eyes to the fact 
that these webs might have to act as fiangesj and in thia 
way might sometimes have to do the work for which ttey 
were not designed. 

Those who had devoted attention to the quegtion of 
stmts knew how much in the dark they were about them 
stilL They looked with reverence to such works as the 
Britannia Bridge, When that bridge was being built 
very little was known of struts, but the builders faced the 
problem. By experiments on a large scale, supported by 
theoretical consideration, they found out what wag safe 
for the structure. If these methods had been adopted on 
the Quebec Bridge it might have been better. 

The author had very graphically described the bridge^ 
and also the result of his researches in reference to the 
accident, but he (Mr, Grifflth) must confess that the 
figures exbibited fay the author did not satisfy him as to- 
the reason of the failure* Undoubtedly, if these stresses 
had been reached there would only have been a factor of 
safety of 2, and the stresses would have reached the 
elastic limit of the material. These stresses j however, 
included those due to live load and wind pressure, which 
did not exist at the time of the accident. lie was not 
satisfied with the author^s reasoning on that point. It 
appeared to him there might have been some movement 
in the main pier supporting the cantilever. He had not 
discovered any evidence to bear Dut this idea, but cer- 
tainly a slight movement in the pier would cause very 
intensified stresses in parts of the structure. 

He did not, however, like to take part in any critical 
discussion until they had before them the full report of 
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the very strong Commission that was at present investi- 
gating the disaster. He hoped the author, when the 
report was isaued» would give them a digest of the views 
of the very eminent men who were connected with the 
inquiry. 

He would like to thank the author for giving the 
Institution the result of his researches with refei^nce to* 
the flexure of tubular columns. When he was in the 
Engineering School of Trinity College forty ye^rs agt> 
they had not the same advantages and opiwrtunities that 
the present-day students had. They had mo lahoratoiyr 
nor had they an assistant professor like Doct<ir Lilly, 
who devoted himself so whole-heartedly to the interests 
of the studenta and the profession by carrying out auch 
valuable experiments. The Institution was deeply in- 
debted to the author for time after time bringing them 
the details of these experiments and researches. 

Me. J, H, EvA!^5 in seconding the vote of thanksj aaid 
the paper was a very exhaustive one^ and gave a very 
good description of the probable cause of the disaster to 
the Quebec Bridge. He did not think it was necessary 
for him to speak at any great length on the subject, 
especially after the remarks of Mr. Griffith, He did not 
feel competent to express any opinion on the subject- 
matter of the paper at the present stage. He had been 

the United States and had geen many structures of 
the pin type of construction described by the author. It 
-was almost universal in that country, owing chiefly to the 
eason that the structures can be erected in a much more 
Tapid manner than by the methods used for riveted struc- 
tures- The author had explained the reasons why the 
Americ^in engineers adopted these methods. Of course, 
the climatic conditions had a great deal to do with it, 
and there was also the desire for rapidity with which 
Americans like to do everything. He agreed with Mr, 
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Griffitli that the present-day students iu the Eng^ineering 
School of Trinity College had a much better opportunity 
of gaining knowledge in physical research than Mr. 
Griffith or he had when they were students t-ogether, and 
it is to he hoped that further funds will be lorthcoming 
for the purpose, and ao enable the author to pursue his 
useful experiments, of which we have had froni time to 
time so many brilliant examples. 

Tub President (Mr. J, H. Moore) said he was sure they 
would all accord the author a very hearty vote of thanks, 
and he deserved it, for the valuable paper he had brought 
before them. 

When he was at Trinity College they had not such 
opportunities of seeing the experiments which they were 
BOW able to carry out in the College. He remembered 
in his time at C-ollege their Professor, Dr. Downing, 
always impressed upon them the necessity of making their 
bridges '* stronger than strong enough." They were 
taught that strength was the most essential feature. 

They might c-a leu late the strength of girders, &c., but 
they had also to take into consideration the question of 
workmanship. They had to make allowance for bad 
welding in the wrought iron work, or defective casting by 
the foundry men. They never knew what flaws might 
develop, and they must make allowance for bad workman- 
ship. 

It was always well to make bridges very strong with 
a good factor of safety. He had been taught 5 to 1 was 
the proper factor of safety, but nowadays it seems to be 
much less. They should always rememl>er that a chain 
was no stronger than the weakest link* 

The historj'- of failures was always interesting, and 
there was nothing like failures for teaching them what 
to avoid* 

Dr. Lilly, in reply, thanked the members for their 
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hearty vote of thaoka. He waa anxious to make it clear 
that the usual way of considering stmts was not all that 
could he desired. The figure of the cross-section should 
be considered ; it was the root of all the trouble in the 
resent design. 

He quite appreciated Mr. Griffith's remarks about the 
report of the Commissioners on the disasterj and to a 
certain extent it was iuYidious to comment upon the 
design, but that was not his feeling altogether. It might 
be well if thej could give the Commissioners som^ inkling 
of the causes of the failure, so that when tliey were con- 
sidering the question they might have as much light on 
the subject as possible. He did not think any movement 
of the pier would have an effect upon the stmts. It was 
claimed by the Americans that the pin-joints re^adily 
adjusted themselves to a new position, and if the claim 
did not hold good it simply me^nt that it was the fault 
of the design. 

He quite agreed with Mr. Griffith that experiments 
were very necessary, and he hoped that in the near 
future they would have sufficient money to caryy on more 
of this research work. They were very much handi- 
capped for the want of funds to carry out these investi- 
gations. It was a most expensive proceeding. They 
could not expect practical engineers to take very great 
interest in experiments which were carried out on small 
sections. 

Like the President he had a great admiration for the- 
manner in which the experiments for the Britannia 
iJridge were conducted. In making some of their tests 

i the struts no doubt they had cases of the wave forma- 
itiou whic^h he had described. But they were not able to* 
make a sufficient number of experiments, and did not 
succeed in pointing out the precise manner in which the- 
^ave formation influenced the design. 



[8th January, 1903.] 

Mr. J. H. Moore, President, in the Chair. 

The following candidate was balloted for and duly 
elected : — 

William A. Farnham, as an Associate Member. 

Trinidad Lake Asphalt. 
By M. W. Foley, Assoc. Member. 

Trinidad Lake Asphalt is the product of the " Pitch 
Lake" in Trinidad, one of the British West India 
Islands. (Fig. No. 1.) 

Trinidad was taken from the Spaniards by Abercromby 
about one hundred and ten years ago, and the Pitch Lake 
has remained in the possession of the Crown ever since, 
but its resources had not been utilised until about forty 
years ago. 

The Island of Trinidad lies ofi the north coast of South 
America. It is bounded on the north by the Caribbean 
Sea, on the south by a narrow channel into which flow 
the waters of the northern and most westerly mouths of 
the Orinoco, on the east by the Atlantic, and on the west 
by the Gulf of Paria, the south and west bodies of water 
separating it from the mainland of Venezuela. 

While there are deposits of asphalt or pitch to be found 
practically all over the island, the deposits of most 
importance, from a commercial point of view, are those 
^situated on La Brea Point, in the wards of La Brea and 
'Guapo, in the county of St. Patrick, along the western 
rshore. 
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These depo&its are nearly thirty miles in a straight line 
from Port of Spain, the seat of the Government, the moat 
important harbour and port of entrance, and lie on the 
northern shore of the south-western peninsula, the point 
upon which they are situated being apparently preaerred 
Tom destru-C'tion by the sea, whi^h is elsewhere wear- 
ing away the coast, by the bituminous deposits which 
exist along the shore, and even some distance from it, 
and which J from their toughuesa, resist the action of the 
waves better than the soft rocks of this region. 

Of tliese deposits, ivhich are classified into two — viz*, 
*' Lake Asphalt '' and *' Land Asphalt " — by far tlie 
largest amount of asphalt is found in the lake at La Brea 
Point, the surface of which was supposed, some twelve or 
thirteen years ago, to be about 130 feet over sea level, and 
to cover an area of 114 to 120 acres, and is situated at the 
highest part of the point. The '* land " deposits are scattered 
tetween this point and the sea towards La Brea, and are 
partly covered by soil, grass, &c. 

From the level of the lake surface the ground slopes 
upwards ail around, so that, according to scientiata, the 
asphalt deposit lies in the crater of a volcano which has 
filled up with pit-ch. 

This celebrated lake has been, so to speak^ one of the 
wonders of the world, and few travellers go to the island 
without paying it a visit. It is possiblie to walk or 
ride over the whole surface without danger, except in 
and near the centre, where the asphalt is liquid and its 
^iepth unfathomable. (Fig- No. 2.) 

The asphalt in its crude state is excavated from the 
surface of the lake, filled into trucks which are carried 
along a light tramway on tlie inside edge of the lake, and 
after about two days it would be difficult to find traces 
of the excavated patches, as they become swollen or 
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filled up again "witli a fresh eruption from the volcano. 
(Pig, No. 3.) 

About sixteen years ago a series of borings were made 
upon the lake, that at the centre being carried down to a 
depth of over 130 feet, entirely through the pitch, which, as 
far as the writer conld ascertain, possessed the same qualities 
as that on the surface. ^M 

The carrying o£ this boring deeper became impossible from^i 
the moving of the pitchy w^hich inclined the tube forming the 
lining to one foot in six, and the cylinder fell over in a very 
9hort space of time and became buried, and from that^^ 
day to this not a trace of it has been found. Although ™ 
expensive and most diificult esperinient, it clearly 
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proved the enormous depth of the crater and the uniform 
quality of the asphalt. 

After the freshly-excavated asphalt is conveyed to the 
pier heads which runs out nearly 2,000 feet into the sea, it is i 
tipped into vessels which are in readiness to receive their fl 
cargoes on both sides of the pier, and then shipped to all 
parts of the world. The work has created a good deal 
of employment in connect ion with excavating and load- 
ingj the men so employed numbering between 400 and 600, 
In one single month 30,000 tons of asphalt were loaded. 

It may be rightly asked what becomes of ihe enormous 
quantities of asphalt taken out of the Pitch Lake. The 
bulk of it is used in laying pavements, but it is also 
largely used in various other ways, such as in mastic 
floors j flat roofs J sidewalks, &c., and where cementing, 
waterproofing^ and insulating of the best description i& 
required. Architects specify it for damp courses, cellar 
and basement floors, and, as a rulcj its general use is 
adopted around the areas of large public buildings, &c. 

Engineers who are acquainted with its use recommend 
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it in bridge building both for iiraterproofiug and for 
traffic, and also in culverts^ tunnek, and subways, 

El&ctriciana find it the best, cheapest, and most efEec- 
tive insulator known. Sanitary eiigin<^ers nrnil them- 
selves of its antiseptic properties in a number of ways* 
It is elastic, and can be safely used in several ways where 
other cements do not sueceedj and where allowance has 
to be made for contraction and expansion it has never been 
found to fail, 

Trinidad lake asphalt in its crude or natural state i^ 
an extremely uniform mixture of gas, water, bitumen^ 
organic matter, and fine mineral matter, and from the 
following table it can be seen that it contains a consider- 
able percentage of foreign matter. 
The conBtituentfl are in the foUowiag proportioiis; — 

Water and gas - - 29 per cent* 

Organic matter, not bitumen 7 do. 

Mineral matter - - 25 do. 

Bitumen - - - 39 do. 



W 



100 

The material, as already stated, is of the greatest uni- 
formity in its composition, as it hae been found that 
specimens collected at intervals of 100 feet and a depth 
oi one foot below the surface of the depositj and to a 
depth of nearly 140 feet at the centre, all have the same 
composition. 

This depth, which is some few feet bel-ow -sea level, does 
not indicate how far deeper the asphalt may extend. 
The boring* prove how enormous the deposit is, and 
the idea of the mound being a crater was further con- 
firmed, 

Notwithstanding all that has been done, it seems hard 

D 
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to undergtaiid that there ig at such a height over the aea a 
bowl-like chasm or depression o%"er 2,300 feet across 
and at least 140 feet deep^ reaching under the sea levelj 
and filled with a uniform mass of pitch, which must 
amount to millions of tons. 

The mineral matter in Trinidad lake asphalt is as 
much a fixed constituent of the material as the bitumen. 
It has apparently become intermingled with the bitumen 
under peculiar conditions in some undefgrciund passages 
where the bitumen originates and meet« an environment 
that results in the production of the asphalt itself. Some 
of the mineral matter is so fine that it cannot be sepa- 
rated from a solution of melted or dried Trinidad asphalt 
even after months of standing and treatment. 

The bitumen of Trinidad lake asphalt amounts to 
about 56 per cent, of refined materiaL It is of a black, 
pitch-like colour, all pure bitumen. This bitumen is 
characterised by the large percentage of sulphur which 
it contains and the presen<?e of nitrogen. 

Organic matter in Trinidad asphalt contains a certain 
amount of material not soluble in the usual solvents for 
bituminous substances, such as grass, twigs, branches 
and decayed roots of trees, &c. All these are removed in 
the refining process, and the bitumen, after undergoing 
this process, is called '* dried asphalt," or epure, which, 
after being dealt with in the refining plant, is filled into 
barrels containing from 400 to 500 lbs. 

Hefined Trinidad asphalt, after being dried and 
agitata with steam, differs ygtj slightly in composition 
from the crude material, or rather from this material 
after the removal without heating of the wat-e.r which it 
contains. By subjecting it to a high temperature and to 
agitation with steam, certain changes in its character 
occur. 
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General analysis of dried Trinidad lake aaphalt: — 
Bitumen, soluble - 57.00 per cent. 

Mineral matter - - 36.50 do. 

Organic matter, not soluble 6.50 do* 

100,00 
Mesb Composition : — 
Passing through 200 meshes to square inch 85.40 per cent. 



9.10 
5.50 



1100.00 
Trinidad Land Aspha}L—ln the year 1892 Mr. Clifford 
Bichardson described La Brea Point as consisting of a 
mass of hardened pitch deposits extending some distance 
into the gulf and along the shore in both directions. 

The deposits are found in grejiter or less abundance at 
all points between the shore and the lake, and directly 
parallel with the road, over an area of about 1,000 acres. 
These deposits are, as alteady stated^ covered at a distance 
i^from the kike, but as the lake is approached ttie covering 
^■becomes lighter until one comes to the naked asphalt* 
The deposits nearest the lake are softer and purer. It 
has been claimed that land asphalt is an overflow from 
Yoleanic eruptions in the lake. It differs considerably 
I from lake asphalt in consequence of the changes which 
have taken place by its being covered over with soil, 
climatio circumstancesj time, and the forest fires which 
liave often swept over it. Both materials are evidently de- 
rived from the same source. It ia also supposed that land 
asphalt may have reached its position either by an over- 
flow from the lake or by ite intrusion into the soil 
-directly from the point of origin. In every case land 
Usphalt has been found to vary according to itfi environ- 
inent, so that it differs essentially from the lake material* 
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The land and lake deposits differ very mxich in coIout^ 
compos it ion J &c. The lake asphalt has, with naphtha used ^i 
as a solvent, 65,3 per cent, of its bitumen solixble, while ^| 
just outside the lake it has only 61.1 per cent,, and ^ 
further on only 59.7 per cent soluble. The difference 
may appear amallt hut it goes to prove a large change. 
In themselves they would not amount to a great deal 
unless confirmed by actual results found in the industrial 
use of the material. In fact, such confirmation is not 
lacking if " land " is used in the same way as " lake ^* 
asphalt — i,e.y if fluxed as an asphalt cement with a suit- 
ahte residue of petroleum- 

In the preparation of such an asphalt cement the most 
remarkublts difference between lake and land asphalt is 
proved by the facts tliat where 20 pounds of a good 
paraffin petroleum residuum is sufficient to make a au it- 
able asphalt cement, when added to each 100 pounds of , 
lake asphalt, as much as 30 to 35 pounds of the same \ 
residuum are required to make a cement of the same con- 
sistency with land asphalt, J 

Experience in the use of both lake and land asphalts in ' 
the pavements of thoroughfares or roadways has shown 
that after a very short interval the wearing surfaces laid 
with land asphalt begin to show signs of deterioration. 
Practical results confirm those found by laboratory testa 
more clearly than may be imagined. I 

Trinidad Lake Asphalt Cement,— Whatever solid 
bitumen and fluxing or cementing oils are selected for 
thii purpose J their careful combination is necessary for 
the preparation of a satisfactory asphalt cement. The 
dried asphalt already described is elevated to a platform 
in the works, carefully weighed, broken up, and lowered 
into large melting tanks, which are so constructed that no 
portion of their contents shall become readily over-heated* 
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The bottom should be protectetl from direct flame by a 
firebrick arch. Ag'itation is very necessaryj not only for 
keeping the mineral matter in suspension, but to keep the 
material from too long contact ^ith the sides of the tank, 
and of even temperature. Agitation with steam is un- 
doubtedly the best method, as the action of air on all oils 
at a high temperature is very strong — the result of blow- 
ing an asphaitic residuum to a temperature of 350 degrees 
F- with air for twenty-four hours being to convert it into 
a semi-solid, buttery mass. 

The melting tanks are capable of containing 20 to 23 
barrels of dried asphalt (approximately 9^000 pounds) ia 
addition to the petroleum residuum, which is added at the 
rate of 18 to 20 pounds of petroleum residuum to every 
100 pounds of dried asphalt, or thereabouts, according to 
the requirements for the production of a cement for a 
specific purpose. This mixturc^ of asphalt and residuum 
of petroleum, when melted, is raised to a temperature of 
from 150 to 200 degrees F., and if prepared for a paving 
mixture is raised to 290 degrees in warm weather and 
310 degrees in cold. 

It is very necessary in order to intermix the fluxing 
material with the asphalt that perforated steam coils 
should be used where possible. The steam should be at high 
pressure, and should not he admitted to the melted 
asphalt until the latter is at such temperature as to pre- 
vent condensation. Every precaution should be taken to 
keep the steam dry by blt>wing the water out of the pipes 
conveying it. The agitation should be kept up for such 
time as to ensure a thorough mixing of both substances. 
This process must be continued for four or five hours at 
least under the most favourable conditions. An experi- 
enced foreman can always tell by dipping a barrel stave 
into the tank or some other simple method, such as throw^ 




54 



TRINIDAD LAKE ASPHALT. 



ing a amall^ quantity af it into cold water, whether thia 
admixture is fairlj^ complete. 

The asphalt cement having been found to be fairly 
agitated and properly mixed, the next step necessary is 
to determine whether it is up to the mark or consistency 
desired. This can also be judged by an experienced 
workman in varit>nQ ways. The preliminary and most 
usual practical test is that of chewing a particle of the 
asphalt c^.ment after cooling. A small sample is put into 
the mouth and worked betw-e^en the teeth aa it assumes 
the normal temperature of the body, and from previous fl 
experience in this way one can come to a reasonable con- 
clusion. 

There are^ of course, many other ways of determining 
the consistancy of asphalt cement^ such as a flow test, 
which consists of €omparing the relative flow, at tem- 
peratures above the softening point of the cement, of 
the sample about to be tested with that of a staudard 
sample. 

The best and most desirable way in the writer^s experi- 
euce of testing the consistency of asphalt cement is in the 
laboratory, with the Bowen penetration machine^ for the 
reason that it admits of an absolute record of figures. 

The description of the construction of the Bowen 
penetration machine, which the writer used in testing 
samples, is as follows (Figa, Nos- 4 and 5) : — 

"The machine is designed to register on a dial in 
degi-ees the depth to which a steel needle .027 of an inch 
in diameter, ground to a fine point, and attached to a 
lever, penetrates into the sample to be tested when 
allowed to act upon it for a second at a temperature of 78 
degrees P, 

Directions for using the penetrating machine, &o, : — 
• Setting uf the Machine. — Remove the wooden block 
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upon wkich samples are placed, and release the clamps 
holding the base of the machine and the needle arm by 
turning them, but the screws should not be removed. 

The machine should then be lifted out oi the case and 
placed on a level table or stand and fastened with screws. 
Place the hand upon the epindle^ and the penduluia on 
the rod, and the machine is ready for use. 

When the machine is properljr fixed and found to work 
satisfactorily in every way^ the pendulum, suspended 
from a single thread, should he compared with a clock, 
and the heat can be regulated by means of a screw. 

The sample to be tested should be placed in a specially 
made tin box, and should present a smooth surface 
freshly melted, as exposure to air hardens the exterior 
and interferes with the test. 

An immersion of half an hour in water at from 78 to 
80 degrees P. will suffice to bring the sample already 
described to a proper conditio-n, and it must l>e remem- 
bered that the laboratory should he of the same tempera- 
ture. 

Two thermometers are necessary for penetration pur- 

I -poses — one to hang in the room to show its temperature, 

and the other should he placed in the water with the 

. aample or samples as the case may be. A wooden tub is 

generally used for holding the warm water. 

When it has been ascertained that the needle is 
properly fixed and |K)inted, &c., it is raised very much 
over the base, the wooden block is brought under it, and 
the sample carefully placed on three screws on the sur- 
face which supports the sample tin and prevents it from 
shifting, 

A small round mirror is attached to the machine^ which 
Itorrows light from the side window and causes a reflec- 
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tion on the surface of the sample about to be tested, and 
with the eye at an angle which experience will teach the 
needle is brought closely down to it. 

A reading on the face of the dial is taken where the 
hand (similar to the minute hand of a clock) is resting. 

Then the thumb of the right hand is placed on the knob 
or button which releases the thread ; beat time with the 
right elbow to the motion of the pendulum, until a 
pressure of the thumb may be made in unison with it. 
The needle is then released, and the reading where the 
hand rests on the dial is taken, and by subtracting the 
former from the latter the penetration degree is arrived 
at. Practice and experience makes this test very easy 
and accurate. 

The writer, f romi long experience, could estimate very 
nearly the penetration point by pressing the sample with 
the finger tip after being immediately taken out of the 
water of proper temperature, or by lifting a sharply- 
pointed lead pencil to a certain height and allow it drop 
into the sample. 

Rules for penetration of asphalt cement : — 
(1.) 1 lb. dried asphalt per 100 lbs. asphalt cement re- 
duces the penetration by 4 degrees. 

(2.) 1 lb. petroleum residuum per 300 lbs. asphalt 
cement raises the penetration by 4 degrees. 

(3.) ^ lb. petroleum residuum per 100 lbs. dried asphalt 
raises the penetration by 5 degrees. 

The penetration of asphalt cement for "binder 
course," which will be dealt with later on, should be 
from 96 to 104 degrees, and that for wearing surface 
mixture from 69 to 73 degrees- 
Formation of Trinidad Asphalt Pavements, — The 
Macadam roadway, or existing pavement, should be ex- 
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tjavated and rBmoved to sucli place as the baroug^h or 
town aurveyor, as the case may be, should direct, and a 
6- inch thick layer of 6 to 1 concrete of Thames or other 
ballast (^aveJ) and approved Portland cement should be 
laid and properly formed to suit g^radients, direction, 
width of thoroughfare, &e*, as a base for the asphalt 
pavemenia. After the concrete base is sufficiently set the 
first or ^' binder course " is laid. Its composition is as fol- 
lows:- — ^Binder measure box contains, say, nine cnbie 
feet of materials, or in weight 370 lbs. granite chips, 370 
lbs. crushed flints ; total 740 lbs. — 50 lbs. asphalt cement, 
penetration 104 degrees. (Fig, No. 6,) 

Sand screenings may also be used, but should be 
thoroughly free from dust, &e., and coal tar could be used 
as a substitute for asphalt cement on streets of light traffic 

-with advantage regarding cost, 

P The amount of asphalt cement necessary to coat 
clean stone^ free from grit and dust, will vary with the 
character of the stone and the nature of the asphalt 
cement. 

The exact quantity can only be ascertained by experi- 
ence. It should not be sufficient to mn off the hot stone 
pr too little to give a hriglit, g'h^^y coating. 

An excess may prove very injurious, as it collects at the 
^bottom of the carts in quantities according to the air 
temperatures and the distance over which it is hauled from 
ihe works, 

thi the other hand, a slight excess may turn out bene 
iicial on streets of veiy light traffic, where the finished 
surface would he liable to crack. It has been found in 
such cases that the surface is preserTcd where the excess 
is drawn up by the summer heat. 

P The consistency ef asphalt cement used in '' binder 
course " should be much softer than that in the wearing 
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surface, for various reasons. Experience and practice 
have cJiearly pro%^ed that the binder asphalt cement 
should be about 30 degrees penetration higher than that 
in surface mixtures. 

The temperature of " binder " when ready to I^y on the 
street should be no g-r eater than is necesaary to spread it 
out. It should be laid to at least a thickness o-f two inches 
to ensure a proper bond. It is spread with heated shovels, 
and evenly distributed with hot rakes, and allowed to get 
fairly cool before being steam-rolled. 

Immediately after being rolled it is quite ready for the 
wearing surface, and it should be kept free from refuse, 
and perfectly dry. 

The Surfacie Course. — The mixture which forms the 
surface should arrive upon the street at a temperature 
which cannot be defined in degrees of the thermometer. 
It should be hot enough to work freely under the rake if 
it baa a properly balanced mineral aggregate, but in no 
case should it reach the temperature which the asphalt 
cement cannot resist without becoming too much 
hardened in the mixer, when being violently agitated 
with hot sand in contact with air, 

A measuring box full of materials to make surface 
mixture was weighed in September, 1898, in London in 
the writer's presence, and the result was as follows : — 
Weight of measuring box only - 162 lbs. 

Weight of mineral aggregate - 869 lbs. 



Total - - - 1,031 lbs. 

The weight of a box of surface mixture laid in Pel ham 

Street, Kensington, in 1897, resulted as follows: — 

Trinidad asphalt cement, 142 lbs. (penetration 71 to 72 

degrees): dust of fiHer, 141 lbs.; sand, 689 lbs., half 

white and half yellow. Total 872 lbs. 
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Bitiiineii - _ _ 

Passing 200 mt^siies to the sq. In* - 
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per cent, 
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11.90 
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80.30 
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33.80 


do. 


2.70 


do. 


1.50 


do. 


.60 


do. 


.20 


do. 






100.00 
The aaod in the mixture, as can be seen from its mesh 
composition, was very fine, and contained no large grit, 
so that it was considered to he most suitable for the pur* 
pose* Before being mixed with the other substaneeB 
Jnrming the aurf ace it had to pass through a hot revolv- 
ng cylinder, or drum, heated to from 300 to 380 degrees 
, and eonveyed bj elevators to the measuring box, and 
from there to the mixer, where, with the other component 
parts, it is thoroughly prepared and then shot into the van 
or cart which is ready to receive it. The temperature is 
then taken and recorded, and the cart, before starting to 
the street, is carefully covered with a special tarpaulin. 
The temperature is again tested by the street foreman, 
,nd recorded as before, and in cases where a considerable 
loss of temperature occurred wbich rendered it too low 
for use in the street, the material had to be returned to 
the works, and stored for the purpose of being re-heated 
later on and used for repairing trenches made by gas, 
water, and other companies. 

The surface mixture, when unloaded on the street, is 
oved with hot shove Is from the point where it has been 
dumped to the place where it is to be raked out to the 
proper thickness for compression. This operation should 
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not be done too quickly. No more should be spread than 
the rakers can handle. The raking of the material to a 
proper grade requires the greatest skill and attention on 
the part of the rakers, foremen, &c. 

The hot mixture, after being property spread, raked, 
graded, &c., is allowed to cool to a degree at which it will 
not be displaced or picked up by the roller. To overcome 
this trouble a light hand-roller is used to give the first im- 
pression, after which the surface is sprinkled with a light 
coat of Portland cement, which gives it a nice dark brown 
colour. The excess of this dust being swept off, the sur- 
face is allowed to get much cooler, and finally the heavy 
(10 tons as a rule) steam-roller comes on to shape it 
properly without displacing or breaking any of the surface. 

The appearance of the finished pavement, especially 
after it h^s been subjected to traffic, will depend as much 
on the the way it has been rolled as upon the way the 
mixture had been raked out. 

The management of the steam-roller should only be 
placed in skilled and trustworthy hands. If not run with 
the greatest care and regularity, both in the longitudinal 
and diagonal rolling, the surface becomes so uneven that 
it would not be easy to bring it back into proper form. 
Directly after being rolled the channels are painted with 
a solution of asphalt, and smoothed over with hot smooth- 
ing irons, which are also used for smoothing down 
irregularities in places where the roller cannot reach — 
around gully-traps, &c. 

The writer's first experience of this class of pavement 
was in the year 1894, when it was first introduced into London. 

Works were erected at Fulham, and paving contracts 
obtained from the Vestries of South Kensington and 
Chelisea. In the autumn of that year Pelham Street, 
Kensington, and King's Eoad, Chelsea, were laid. 
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PPelliain Street^ from South Kensington District Railway 
Station, by Pelham Crescent to Fulham Eoad, and King's 
Eoad, in sections, intermingled with French R-ock 
asphalt J between the World's End and Stanley Bridge* 
After completion it was generally admitted that horses 
^Mecured a better ioothoM on this than that of any other 
asphalt. 

This pavement, however, soon showed signs of scaling 
and breaking up in many places ^ with the result that it 
went so badly during the winter of 1894-5 that it had 
to be relaid early the following spring. The following 
is a comparative analyaia of Trinidad paving mixtures 
laid in London from the year 1894 to 1897 in the above 
streets: — 

(1.) King's Eoad, 1894, Gunter*s Grove Section, 
caledj and had to be relaid. 

(2.) King's Road, 189G, World's End Section, wearing 
satisfactorily. 

(3.) King's Road, 1890, Stanley Bridge Section, wear- 
ing satisfactorily. 

I (4.) Pelham Street, 1897, the whole street, wearing 
satisfactorily* 

(1) (2) (3) (4) 

Bitumen - 9.70 10.20 11.00 11.40 



Mesh Composition: — 








Passing 200 - 12.10 


16.60 


16.50 


18.90 


100 - 8.20 


12.10 


14.00 


la.TO 


80 - 11.00 


21.00 


2i.ao 


20.00 


50 - 31.90 


25.10 


31.00 


31.20 


„ 40 - 8,50 


6.60 


3.10 


2.50 


30 - 11.20 


4.80 


1.70 


1.20 


20 - 4.80 


2.60 


1.00 


.50 


10 - 2.00 


1.10 


.40 


0.00 



100.00 



100.00 100.00 



100.00 



62 



TRINIDAD LAKE ASPHALT* 



No. 4 mLstxire turned out go satisfactory that contracts 
were obtained in several parts of London, including 
Fulham, St. James's, Ac, &c. The writer is mformed 
that the period of guarantee has onl j expired in King's 
Road in the present yearj and is now under maintenance 
contract for a further period. The same applies in the 
case of Pelham Street j so that it appears the pavements 
are still giving satisfaction after so many years* wear. 

The 3IeTits of Asphalt FavemeiiU. — ^Whether an 
asphalt pavement possesses any lasting degree of merit 
will depend entirely upon, the manner in which it is con- 
structed from the base up, including proper drainage 
and the character of the surface mixture. It has already 
teen made clear that the greatest care is necessary in a!ll 
these respects. 

It will be only worth while, therefore, to consider 
what are the merits of an asphalt pavement properly con- 
structed : — 

L It can be brought, as it were, to the fins point of 
a needle, so as to meet all climatic conditions — heat, cold, 
frost, and moisture — and will not disintegrate under 
traffic, no matter how heavy. 

2* Being impervious to moisture, it can be kept per- 
fectly clean at very little cost, and does not absorb filthy 
liquids, as in the case of wood blocks. 

3. Horses get a secure foot hoi d, and can haul heavier 
loads over it with less force than upon any other pave- 
ment, and at the same time they are le«s liable to fall. 

The writer has taken records of traffic on the busiest 
streets in London, over all classes of pavements, under 
different headings, such as slips, falls on haimches, com- 
plete falls, &c., with results that clearly prove that horsey 
are more liable to severe falls on other pavements than 
those of asphalt* 
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4. Its wearmg properties compare more than favour- 

Iably with granite, and exceeds that of other pavements 
under heayy traffic. 
5. The Simple methods of making repairs. — Cuts in the- 
Bnrfare» f-or nnderground work can be repaired in a manner 
which makes them undistinguishable from the original 
surface, whe-reas they are quite noticeable in the case of 
other pavements. 

Cost of Asphalt Pavements. — The defects which have 
generally been assigned to an asphalt pavement are its 
comparatively great first cost and cost of maintenance. 
Its first cost raay be Inrger than that of some other in- 

Iferior forms of pavement, but if the cost is distributed 
bver the length of time that an asphalt roadway will wecir, 
it works out smaller per annum and per ton of traffic 
carried than that of any other form. 
^^ No accurate figures and no general statement can be 
^paade in regard to the coat of an asphalt pavement, as it 
varies according to many circumstances, some of which 
«jare as follow : — 

^1 1. The cost of transportation of the materials necessary 
■lor the erection of the plant in the locality where the 
pavement is to be laid. 

2, Cost of materials in the composition of pavement — 
such as sand, cement, broken stone, and fine material 

tsed as filler. 
3. Cost of local labour. 
4. The form of construction specified by public 
bodies, &c. 
^k 5. The character of the traffic which the street is to 
cany— its grades jukI the nature of piivements adjoin tog it. 
6. The period of guarantee and the terms of payment. 
The cost of maintenance is quite as uncertain as that 
&f construction, and even more so. 
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Appended is copy of an abstract made out by the 
writer, showing cost of maintenance in London for the 
year 1898. From this it will be seen that the cost of 
repairing cuts is far in excess of the ordinary mainten- 
ance repairs. This is accounted for by the fact tihat re- 
instating concrete and " binder " is included in the 
former. 
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Summary of Reinstating Asphalt in Trenches, and General Maintenance 
of Eoadioays for the Year ending 31 s^ December^ 1898. 



Reinstating Asplialt in Trenches 



General Maintenance 



NameofStr^t | ^'^^ 
super, yds. 



Cost per 



Measure- 



Certificate (!o8t super, vd. nient 

£ s. d. I £ s. d. 8. d. s^Per.yds. 



Cost 
£ s. d. 



Cost per 
super, yd 

R. d. 



James St. 


3 


2 9 


6 


2 16 114 18 llj 






— 


i 


- 


* King's Rd. 


10 


8 5 





6 10 2 13 


63 


21 


9 


n\ 


6 n 


t Pelham St. 


9 


6 6 


9 


5 13 3^ 12 7 


20 


7 


7 


'\ 


7 41 


Savile Row 


— 


— 




— — 


— 




— 




- 


t Star Rd. 


20 


14 18 
31 19 



3 


10 5 10 10 3J 


2 


1 


5 


i' 

1 


12 6\ 


Totals 


42 


25 6 3 12 


85 


30 


1 


2ji 


7 



• From the 28tli April to 31st December. 
t From the 21st March to 31st December. 
X From the 22nd March to 31st December. 



The larger the area of maintenance the cheaper the 
cost, as in the case of small patching the carting of 
tools, &c., to and fro entails as much expense as if a 
large amount of repairing had to be done. 

In conclusion, it may be well to state that during the 
years the -writer had been connected with the asphalt in- 
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diistry be had every opportunity of becomiEg acquainted 
with every department of the businesB, both at the works 
and on the streets, and kept a diary (wbieh ig carefully 
preserved) of everything he s^aw in connection with the 
treatment, testing, &c., of anything that came into the 
laboratory, as well as the general handling of materials- 
at works and streets , making daily re turns of work done 
on specially-prepared cHagrama, and at the completion of 
each contract made a detailed abstract ab owing the coat 
of each class of work separately* 

^m A monthly bulletin on the progress of Trinidad asphalt 
in the United States of America was regularly received 
by the writer, and from these he also collected informa- 

^f^tioUj as well as from the writings of Professor Clifford 
Eichardson, of Long Island City, who, it appears, is the 
greatest living authority on asphalt generally. Mr. 
Hichardson, who was one of the first in connection with 
starting Trinidad asphalt pavements in London, is well 
known to the writer. 



I 



Me. Gr. M. Ross, in proposing a vote of thanks to the 
author^ said asphalt was of great interest to engineers, 
especially to those who took an interest in municipal engi- 
neering. Such surfaces as roadways, footpaths, and roofs 
were now very frequently constructed of asphalt. Per- 
sonally, he had not a large experience of making road- 
ways. 

There were one or two statements in the paper that he 
did not altogether agree with, and he would like to know 
whether they were borne out or not by experience. 

One was the advantages of asphalt as a road surface 
over other materials as giving a surer foothold for horses. 
He believed it was the best method to adopt in narrow 
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Toads and bye-Ianes, but not in side roads or where there 
was a heavy traffic. He believed the experience of London 
and other large citieg was that wood pavements had super- 
seded asphalt to a very great extent in large thorough- 
fares. In the bye-ways and lanes there was, no doubt, 
nothing to compare with asphalt on account of the iia- 
pervious nature of its surface and the ease with which it 
can be cleaned. 

With regard to roofings he had considerable experience 
of asphalt, and found the results very satisfactory. When 
properly liaid it was undoubtedly a valuable material, and 
had some advantages over other kinds of roofing materials. 

He would be glad to hear more particulars about the 
refining of the asphalt. He understood from the paper 
it was done by forcing heated air or steam through the 
molten mass. He would like to know if by this process 
alone it was brought to the commercial material which 
they saw on the market. 

ilE- BeegiNj in seconding the vote of thanks, said they 
were all accustomed to use asphalt in some form or other. 
The paper they had just heard read would, therefore, 
prove both useful and interesting, as it contained such a 
vast amount of information about its compositioup nature, 
nnd manufacture. He would like, however, to ask the 
author what he meant by asphalt cement. He had never 
heard the term before, and he was sure it was new to a 
good many other Members present. He would be glad 
of a definition of it, and also more information about 
the process of refining. 

As regarded asphalt for road-making, he quite agreed 
with Mr. Eoss that it was an excellent material to be used 
in roads where there was not very heavy traffic, but where 
there were heavy grades it was not so satisfactory — in 
fact, it was rather dangerous* 
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Mr* Hahgiu%e asked why Porlland cement was used on 
the surface of the pavement before the light hand-roller 
rent over it, Portland oement was very expensive, and 
le would like to know why sand was not nsed instead of 
cementj as it was very niueh cheaper, 

Mb* ErDDLE asked the author if he could give them 
more information about the King's Road maintenance 
rost. The paper stated that sixty-three yards were re- 
paired during nine montha. If they knew the surface 
area of the Kiug^s Road they would be able to work out 
the propcjrtion of cost of maintenance per square yard of 
the road laid on this system. 

Mr. II. T. Harris said asphalt pavements should cer- 
tainly appeal to all cleanging departments of citiea, for 
they niidoubtedly were the easiest cleaned of alL The 
author should have made more out of this advantage. 
Wood pavement absorbs water, and quickly gives it off 
again in dry weatherj and then dust. He thought from 
a health point of view engineers should put some value 
on asphalt for roadways. The question of public health 
was of great importance, and in a city like Dublin, where 

ley had so much wet weather, they should take this into 
consideration when constructing pavements. It took an 
enormous amount of water to wash some of their streets 
clean, and this would not be the case with asphalt. 
These points should be considered along with the others 
of maintenance and cost of cleansing. 

The President said that the analyses of the asphalt as 
given by the author were not very clear. He could not 
understand what was meant by " dust " or ** filler/' or by 
*' white and yellow sand/' The chief point about sand 
^was that it should be perfectly clean, and for this reason 
the best sand for concrete was sea sand, though for house 
lluilding sea sand was objectionable on account of the 
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salt it contained. Would this be objectionable in 
asphalt? Much also depended on the fineness of the 
sand. For some purposes the coarser the sand the better. 
With reference to the tests by passing through a sieve, it 
was not clear what was passed through the sieve — whether 
the sand, or the cement, or the asphalt. 

The reason he asked these questions was that he wished 
the paper to be perfectly clear when it appeared in their 
" Proceedings." 

It was a very curious thing altogether, this crater of 
an extinct volcano filled with this bituminous material, 
and the wonder was it had not been burnt out altogether. 
Another curious point was the height at which it stood 
above the sea. 

With regard to the facility of repairing the asphalt 
surface when broken up for pipe laying, &c., the author 
stated that it could be done so well that the patch would 
be indistinguishable. If this is really the case it was a 
great advantage over other pavements. The way in 
which newly laid down streets were broken up for pipe 
trenches was a dreadful nuisance, and it was almost im- 
possible to satisfactorily make good the surface. He 
would like to know 'the cost per square yard of construct- 
ing a considerable length of new road, say, not less than 
a thousand square yards, and the average cost of main- 
tenance over a term of years. What was the duration of 
such a road ? 

Mr. Foley^ in reply, said — ^With regard to the value 
of asphalt as a pavement from a sanitary point of view, 
it was a question more for the medical faculty than for 
them. In wood pavements there was no doubt that water 
went down between the joints, and when this evaporated 
in dry weather they were told that bacteria went with 
the evaporation. 
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Witli regard to the value of Mastic asphalt for roofsj- 
it was very useful for these, but it was altogether a 
different article to the coal-tar which had beea uaen- 
tioned. The asphalt is refined by putting it into large 
tanks and heating to a temperatui-e^ that will not injure its 
qualities, but which will remove Jill the foreign matters, 
such as bits of trees and vegetable matter* After this it 
is put into barrels. 

In the making of cement the asphalt is mixed with 
petroleum residuum or shale oil and then agitated for 
about twenty-four hours, after which process it is called 
asphalt cement, and is packed in barrels, 

H© had described in his paper how the pavement mix- 
ture was made in the measuring boxes at the works and 
brought to the road where it was to be laid. Different 
materials were used in different places according to local 
circumstances J &c. Sometimes they used ground chalky 
lias lime, fine sand, and Portland cement dust* The 
half white and yellow sand was Aylesbury sand. The 
white was as white as snow, and the yellow as yellow as 
gold. 

With reference to the analysis, this was all done in the 
laboratory. The bitumen was extracts and the aggre- 
gate broken up, and then put through the different 
meshes^ from 200 to 10^ as described. It would be nearly 
impossible to make a standard price for new pavements, 
as each case depended on its own circumstances and the 
traffic that it had to provide for, as well as the period of 
guarantee required by public bodies. 

With reference to joints not being distinguishable, he 
had the experienee of laying or reinstating hundreds 
of yards of patches after the various company's 
its in the pavements, and he guaranteed that no man 
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li^ng, after some traffic had passed over the street, could 
ever find a joint. The King's Road, Chelsea, surface 
area would be about 4,000 to 6,000 superficial yards. 
11b. 6d. per superficial yard would be about the average 
cost of laying a road where all the materials are easily 
obtainable at reasonable prices. 



[etb February?. 1908*] 

J[b- J, H. MooBEj President, io the Chair, 

The following candidates were balloted for and duly 
elected:^ 

James Nicholas Down, as an Associate Member, 
John A, Ryan, aa an Associate Member. 
Pateick E, Moeris, as an Associate Member. 
Pkank E. Spabrow, as an Associate. 

Kildaee and other Sewerage Woses. 

,By Francis Behgin, Member. 

The Kildare Sewerage Works were commenced in the 
year 1900, and as the purification works were one of 
the first, if not the first, carried out in Ireland on what 

known as the bacterial system they have been selected 
as the principal subject of the following paper :^ 

The iQvm of Kildare is, as most of the Members of this 
Institution are aware, situated on the Great Southern 
and Western Rail way ^ thirty miles south of Bublin and 
within two and a half miles of the Curragh Camp, The 
town proper had a civil population in the year 1890 of 
ljl72, which had increased to 1,576 in the year 1900, or 
by 34 per cent. It ia^ therefore, one of the few towns in 
Ireland which can boast of an increasing population. 

The boundary of the town, aa defined in the rate-books, 

of very lim^ited extent, and does not include either 

;he railway station or the majority of the pretty villas 

erected in the vicinity during the past few years j most 

of which are included in the drainage area, so that the 

actual civii population accommodated by the sewerage 
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system must be considerably in excels of that given above^ 
and may be roughly taken at about 1,700, In addition 
to the civil population there are large militaiy barracki 
in the town, erected during the year 1901, which are 
occupied by six batteries of the Royal Field Artillery, 
and afford accommodation for about tiOO horses and 1,10U 
men, with their wives and families^ and as all' the barrack 
drains, with the exception of those constructed for con- 
veying- the water flowing off squares and roads to the 
nearest field drain, are connected with the town sewerg, 
the entire population contributing to the outfall worka 
may be taken at about 2,800, ^ 

The town is built on a ridge running nearly du© west^ 
and east, the summit of which is indicated by a shaded \ 
line, marked X Y, on Drawing No, 1. Thia drawing ■ 
alao shows the position of the outfall works, the surface ' 
levels at different points, and the lines of main sewera. 
The disposal works are situated on the south side of the 
town, a littlfr more than half a statute mile from the 
market bouse, to which the sewage is conveyed by two 
outfall sewers, marked ]Nos. 1 and 2, forming' a junction 
at the point A, or southern angle of the plot of land , 
acquired for the disposal works. H 

Outfall Sewer No, 1 is 12 inches in diameter. It i? 
laid along the Councira accommodation road at a grades 
of 1 in 386 aa far as the point B, and continues to Man- 
hole No, 6, situated about one furlong south of St^ 
Bridget's Chapel, from which point it branches in twcp^ 
directions. One of these branche-s, marked Main Sewei^^ 
No, 1, mainly 9 inches in diameter, runs past th^ 
chapel and across what was formerly the Old Pound!^ 
Green, now the site of the Electric Power Station, to the 
cross roads at '* C," locally known as the " Cross Key^ 
The other branch, also 9 inches in diameter, is laid alonj 
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the side of a Mil in front of the convent and connty 
infiriaaTy, and is continued to Manhole No, 12, where 
the military aew^r provided for the southern portion of 
the harracks connects with it. These two main sewers 
reoeive the sewage from the whole of the town south of 
the shaded line X Y. 

Outfall Sewer No, 2 is also 12 inches in diameter, and 
laid at a grade of 1 in 400 aa far as Manhole No. 15, from 
which it is reduced to 9 inches in diameter and continued 
in a northerly direction as Main Sewer No. 3, at a grade 
of 1 in 300 J to Manhole No. 22 on the Newbridge Eoad, 
where it wheels to the left in a south-westerly direction, 
passes through the barracks, crosses the road to the rail^- 
way station opposite the new Railway Hotel, and termi- 
natea at Manhole No. 30. This sewer is one and a half 
miles in length and drains the whole of the town aituated 
on the north aide of the shaded line X T. 

An automatic flush tank, having a capacity of 750 
gallons, has been provided at the head of each main 
sewer. Those on Main Sewers Nos. 1 and 2 keep these 
sewers clear of obstruction and in efficient working order, 
but owing to the great length and flat grade an inter- 
mediate one would be required on Main Sewer No, 3, and 
will probably soon be constructed at Manhole No, 22 on 
the Newbridge Road, 

f Three storm overflows have been provided for the pur- 
pose of relieving the sewers after heavy rainfalls — 
viz., one at the head of Main Sewer No. 1, one on Main 
lewer No. 2 where it crosses Blind well Lane, and one on 
Main Sewer No, 3 where it crossfea the Newbridge Road. 
The first -mentioned is placed on an old sewer which re- 
ceives the drainage of the north side of Claregate Street 
and portion of the Market Square, including the road 
drainage, and is now connected with the new system at 
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Manhole No* 1. Tbis overflow, owing to the road water 
being admitted into the old Bewer, cornea into action fre- i 
quently, but the other two veiy rarely. ^M 

With the exception of the old sewer in Clai^egate Street, ^ 
conatrncted some twenty -five years ago, the sewers receive 
only yard drainage together with portion of the roof 
water, in addition to the sewage proper, and have, there- 
fore, been designed on what is known as the " Partial 
Separate System." It was originally intended to drain 
that portion of the town lying north of the shaded line 
X Y by an e:£ten9ion of Main Sewer No, 2, other- 
wise the grades on this conld have been considerably 
improved ; but while the works were in progress the War 
Department purchased the land now occupied by the 
barracks, and as the proposed extension referred to would 
have seriously interfered with the laying out of the 
barrack buildings an arrangement was come to between 
the War Department and the District Council^ by whicl 
this extension was abandoned, and Outfall Sewer No. 
with its extension, Main Sewer Xo. 3, constructed instead. 
The War Department contributed £300 towards the I 
additional expenditure rendered necessary by this altera- 
tion, and agreed to take a supply of water from the 
Council, for which they have been paying £547 10s. per j 
annum for the past five years. 

It might appear at first sight that Main Sewer No, 
followed an unnecessarily circuitous route; but land is] 
very valuable about Kildare, especially building sites, 
while villas are springing up in all directions on the 
Curragh side of the town. It was, therefore, a matter 
of the greatest importance that this sewer should be set 
out so as not only to avoid crossing suitable building 
sites obliquely, but that it would also be capable of drain- 
ing all sitea on which buildings may hereafter be erectecL 
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Drawing Ko. 2 gives longitudinal sections of Outiall 
Sewer ^o, 1 and Main Sewera Nos. 1 and 2; while 
Drawing No. 3 gives a longitudinal section of Outfall 
Sewer No. 2 and Main Sewer No. 3, 

It will be observed on looking at Drawing No, 2 that 
the surface levels are extremely irregnlar, particularly 
between Manholes Noa, 6 and 14* At the former the 
depth to invert ia only 5| feet ; at a distance of only 500 

^^feet from this point it is 31 feet, while at a fnrther dis- 

^tance of 500 feet the invert of the sewer is actually one 
foot over the surface of the ground. In fact, in order to 
avoid raising about t30Q yards of the public road i-o the 
extent of about 5 feet, which would have added consider- 
ably to the coat of the works, the sewer was diverted 

K jrom the road at Manhole No. 12a and laid at the back 

^of the road ditch for a distance of 1,000 feet, where the 
ground wag between two and three feet higher than the 

^proad and permitted of being raised where necessary for 
the purpose of protecting the sewer without causing any 
except a temporary inconvenience to the occupier of the 
lands — the late Mr. F. Lee, who, unlike others in the 
district, did not apply for even the ordinary way-leave 
compensation. The diversion, therefore, resulted in a 

^substantial saving to the Council. 

^P In the case of the outfall sewer for Newbridge, now in 
course of construction , the author has adopted a similar 
device for overcoming similar difficulties. This sewer, 
which is one and one-third miles in length and 18 inches 
in diameter, wiU be laid at a grade of 1 in 900, partly 
in cutting and partly in embankment, as shown on the 
longitudinal section (Drawing No. r3). Owing to the 
number of bye-roads and private roads that this sewer 
bad to cross it was found impossible to set it out so as 
Lto entirely avoid raising some portions of the road along 
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which it is to be laid for ita entire length, but by 
cast-iron pipes at these crossings, and by laying the sewer 
wherever it rises above the surface of ground close to 
the back of the road ditch, where it will be protected bj 
an embankment which will appear simply as an enlarge- 
ment of the old mound fence, the alteration to the road 
surface, and therefore the coat of the works, liave been 
reduced to a minimum. ■ 

Again, on looking at Drawing No. 4, it will be observed ™ 
that the outfall sewer bad to be laid for a distance of 
1,000 feet from 5 to 10| feet above the surface of the 
ground In order to reach the disposal works at the required 
level, which was accomplished by erecting an 18-ineh 
masonry wall along the centre line of the old mound fence 
and carrying the sewer in a substantial concrete coping. 
This constniction, so far as the author is aware, is of a 
Tatber novel character, and possesses some advantages. 
First, the ground which would have been rec^uired for the 
construction of an earthen embankmeaat had not to be 
acquired; secondly, the material necessaiy for the con- 
struction of such an embankment could not have been 
obtained except from a considerable distance and at great 
expense; thirdly, the adjoining land was much le^i 
injured by the cartage of the material required for the 
wall than it would have been by the cartage of the 
material required for tbe embankment ; and lastly, the fl 
wall forms a substantial and permanent fence between 
two adjacent properties — the CounciPs land extending on 
one side for nearly half its length. 

The grades of the sewers are good with the exception 
of the first 1,000 feet of Outfall Sewers Nos* 1 and 2 
(12 inches diameter), which are only 1 in 386 and 1 in 400 
respectively, and the first 3,000 feet of Main Sewer No. 3 
(9 inches diameter), which is only 1 in 300. These grades 
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are considerably less than are supposed to render a aewer 
eelf-cleansing, and it was with grave misgiving that the 
author decided to adopt auch a flat grade a& 1 in 300 for 
nearly three-qnaxtera of a mile of sewer only 9 inches in 
diameter. There ivae no alternative, however, bnt to 
fihift the sewer to a position in which it wonld not he 

ftavailahle for the effective drainage of some villas already 
erected on the Newbridge Road and many sites likely to 
be bnilt on hereafter^a course which, after mature de- 
liberation, he decided not to adopt. The result has been 
ost satisfactory, as the sewers have now been working 
for seven years, during which period there has been no 
stoppage or accumulation of deposit in either of the 12- 
inch sewers and only one serious obstruction in the 9-inch 

Kiewer. The latter was caused by a piece of timber becom- 
ing wedged so tightly between Manholes Nos, 18 and 19 
that it could not be dislodged by the rods, with the result 
that the sewer had to be opened and cut. On two or three 
occasions some siltj consisting for the most part of coal 
dust and stable sweepings from the barracks, accumulated 
between Manholes Nos, 20 and 22, owing, most likely, to 
the velocity of the sewage being checked by the abrupt 
change in the direction of the sewer at these points. The 
deposits, however, were readily removed with the aid of 
the rods, and it is hoped that the construction of the pro- 
posed flush tank at Manhole No. 22 will prevent a recur- 
rence of this trouble in the future. It is only right to 
mention that this sewer has to work under the most un- 
favourable conditions. It drains all the stables in the 
barracks as well as most of the married quarters, and 
although deep gullies of the most approved pattern have 

^^been placed at all point-s in the barracks where one could 

^Pbe required they do not appear to be effective in prevent- 
ing auch things as coal dust, stable sweepings, chopped 
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hay, soldiers' caps^ sticks, cans, bottles, and the like fjrun 
finding their way into the sewer. 

01 course it is not desirable to use such flat grades m 
those mentioned if they can be avoided, but it may be an 
advantage to some Members oi this Institution to know 
that under ordinary circumstances sewers having similar 
grades can be adopted with safety where better ones 
cannot be conveniently obtained. 

The manholes and flush tanks are constructed of Pori- 
land cement concrete, mixed 6 to 1, and are of the usual 

Conaiderable difficulty was experienced in selecting ft 
site for the disj>osal works, Tvhich would be situated at a 
suitable distance from the town, to which the aewage 
fpom the whole of the district proposed to be served conld 
be conveyed, and which would be so situated as to render 
the pollution of the source of the water supply to the town 
a physical impossibility- 

The town is, no doubt, built on a ridge of considerable 
elevation, the level of the market square being 365 feet 
over Ordnance datum, but the ground falls rapidly, as 
will be observed on examining the levels given on Draw* 
ing No, 1 and the sections given on Drawing No, 2, and 
then rises again in all directions except along the valley 
marked D E F^ in which St, John's Wellj the source 
of the town water supply is situated. The stream fl 
D E F is fed by numerous springs coming both from the 
west and the east, but mainly from the latter, and was ^ 
employed until recently to drive a pair of turbines H 
erected at E for the piirpose of pumping the water to the 
town, A few years ago the author carried out some works 
for the purpose of supplementing the supply to these 
turbines, when it w^as found that the springs on the west 
of the stream D E F, near the latter point, which were 
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! jainning to waste at the time into the tail racej would not 
rise to the same level aa those coming from the east. He, 
therefore, came to the concluaion that the springa on the 
two sides of the valley were not in communication with 
each other, and that the distribution of sewage effluents 
over a proi>erly formed and effectively drained plot on 
the west aide could not lead to the pollution of the springs 

■ on the east side, espcKjially those in St. John^s Well, the 
natural overflow from which is 1 foot 9 inches over the 
water level in the stream at the point E. 

H The plot marked A G D was, therefore, selected for 
the disposal works* It has now been continuously in 
nse for the past seven years, and the experience gained 

f during that period has fully justified the conclusion 
which led to ite selection, as the quality of the water 
supplied > both to the town and to the barracks, is as 
good now as it was before the sewerage works were com- 
menced, 

■ The plot A G D contains three statute acres, the greater 

^ part of which has been laid out for irrigation purposes, 
^nd thoroughly drained to a depth of three feet. The drain- 
age of the plot was originally conveyed through a 9-ineh 
water-tight pipe drain and discharged into the stream at 
the point E (Drawing No. 1), where the overflow from St. 
John's Well' also enters it. but the owner of Tally House — 

^Colonel Hall Walker — being desirous of having it carried 
past his ornamental ponds, provided the money for the 
construction of a new outfall drain from the manhole at 

^ D to the point H (Drawing No, 1), at which the drainage 
of the irrigation plot is now discharged. 

At first it was intended to sewer only the south-western 
portion of the town. Under the threat of an injunction 
and in order to purify the sewage from this small area 
the two tanks marked Nos. 1 and 2 and the two filters 
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marked T^os. 1 and 2 (DrawiB^ No. 5) M^ere constructed, 
but these only eome info action at present after lieavy 
falls of rain or when the large tank, No. 3, is being 
cleaned. 

The disposal works as they now exist may be described 
as follows : — 

The two ontfall sewers terminate at the points A and B 
(Drawing No. 5). Prom these points the sewage flows in 
0|>en eonc^rete channels, 12 inches wide^ to the grit chambei 
D E, and from the grit chamber to Septic Tank No, 3, i 
which it enters through the two submerged inlets Gr and H. ■ 
The effluent from Septic Tank No, 3 enters the channel I J 
through the snhracrged outlet shown, flows through what 
is called a humus pit, J K, and at the point L enters the 
channel L M, which feeds the Contact Beds Noe. 1, 2; 3, ■ 
and 4. The effluent from the contact beds is discharged 
into the channel N 0, from which it is conveyed by the 
channel P Q It S, and distributed over the several plots 
into which the irrigation ground is divided. H 

A notch plate is iixed on the outlet from the grit 
chamber which will only allow six times the dry weather 
flow to pass through, anything in excess of thia being 
sent over the storm overflow weir C D and conveyed by 
the channel S T to the siorm water Alter effluent channel 
U Yj which discharges into the outfall drain through the 
manhole shown at N (Drawing No. 6), 

At the point P (Drawing No, 5) another notch plate is 
placed across the channel, which only allows three times 
the dry weather flow to pass throughj with the result that 
the difference between sis and three times the dry weather 
flow passes over the weir E E and is conveyed by the 
upper channel W X to a small sludge tank X Y, from 
which it is distributed over the storm water filter. There 
is also an overflow weir provided for the channel I J, 
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whick is connected with the upper stonn channel W X, 
and conies into action in the event of the automatic feeds 
to the contact beds failing to act or being overworked* 

Septic Tank No. 3 was constructed at a time when it wa§ 
hoped that such tanks would liquefy the whole of the 
solid confltitnents of sewage, and hence was left without 

K any sludge outlets; but unfortunately we all now know 
that these tanks liquefy only a small proportion of the solid 
organic matter — namely, about one-third — that about 

B one-fhird of it remains in the tank as sludge, and that the 
balance is carried over in the effluent which is passed 
through contact beds or filters, rapidly reduces their 
capacity, and after a time leads to their becoming almost 

Heompletely choked or sludg^ up, especially if formed of 
finely-grated material, 

»The tank under consideration was originally con- 
structed as shown on Drawing No. 5, and was run con- 
iinuouflly for three years without being cleaned. At the 
end of this jieriod it was found that the capacity of the- 

|be<ls had been reduced to nearly one-seventh of what it 
'W-as when they were first started , and that the tank after 
"beng allowed to settle contained three feet of thick mud 
uniformly distributed over the bottom. The filling of the 
beds had, there fore, to be taken out and washed at verv 
tsonsiderable expense while the tank was pumped out and 
thoroughly cleaned. 

Since the beds and tank got the above general cleaning 
a division well was constructed near the inlet end, and , 
the outlet changed to a long weir with an obliquely-set 
B^cum board in front of it — the tank as it now exists being 
shown on Drawing No. 7, A chain or sludge pump was 
also erected near each end of the tank and a humus pit 
Bconstructed between the tank outlet and the beds for the 
purpose of arresting as much as ]K>saible of the finely- 
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(divided solid matter contained in the effluent from the 
former, 

The^ alteratiDnB and additions have been attended 
irith marked §ueeess. The inlet end of the tank is 
pumped out regularly — about once every three months — by 
the caretaker with the asaistimee of a labourer for a couple 
of days. There is practically no deposit in the outlet of 
the end of the tank, and no humus is deposited on the sur- 
face of the beds which, in place of being sludged up after 
the first three years* use, are now, after a similar period* 
in thorough and efficient working order. 

In refilling the beds the coarse clinker was placed on 
the floor for the purpose of assisting the drainage, which 
the author found to be necessary, while the finer material, 
to the depth of about one foot and graded between one- 
quarter and one-eighth inch, was placed on top, the object 
being to prevent as much as possible of the solid naatter 
from getting into the body of the bed and to retain it near 
ibe surface, where the anaerobic bacteria are most active. 

The filling and emptying of the beds ii regulated by 
Adams* automatic air ltx;k feeds and timed discharging 
syphons. The apparatus gave some trouble at first, but 
has been working satisfactorily for the past three or four 
years- 

By observing the time Tank No. 3 takes to fill it has 
been found that the dry weather flow of sewage to the 
works is at the rate of 3(3,783 gallons per day. 

The effluent from the contact beds is distributed over 
one and a half acres of land, divided into plots one chain 
wide, and thoroughly under-drained. Some material bad to 
be removed from the surface of these plot^ last year, but 
the land is now working apparently aa well as it was at first. 
An additional tbre^- quarters of an acre was prepared and 
Tinder-drained in order to meet the requirements of the 
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jocal GoveramBnt Board, but it is ab§olutely useleia; it 
is never used* and sliowe clearly how absurd it is to go to 
the expense of acquiring and laying out any except suit- 
able land. 

Mr. Kaye-Parry, in proposing a hearty vote of thanks 

to Mr, Bergin, said he did so with pleasure, because it 

was juet the style of paper which they wanted . The author 

had given them the results of his own experience, the 

difficulties he had met, and how he had overcome them. 

All these were of great interest to men who had to face 

thefie problems themselves. That type of paper was very 

Buseful in an Institution like theirs, and was especially in- 

^Weresting to the younger members. He had an oppor- 

^Runity of going over the works at Kildare, and he could 

"testify to the fact that they reflected great credit on Mr, 

Bergin, having regard to the time at which they were 

erected. There were one or two points in the paper which 

he would like to apeak about. One of these was wiih 

» reference to the gradient of sewer pipes. The author 
need not be uneEisy about the 9-inch pipca which had a 
gradient of 1 in 300. The velocity of the flow In theae 
pipes when half full would be about 140 feet per minute, 
or nearly 2^ feet per second. His experience was that a 

^p9-inch pipe with a gradient of 1 in 300 would work very 
well, A good many years ago he put in one at Abbey- 
leix with exactly the same gradient, and, as far as 
he knew, it had never given any trouble since it was 
laid, 

H According to the t^xt-books a gradient of 1 in 386 for 
a 12-inoh pipe was sufficient, and it gave a velocity of 

^ about 150 feet per minute. 

^P He thought all the gradients Mr. Bergin had adopted 
were adequatej and he would not hesitate to use them 
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where the conditionB wer© Bimilar to those which the 
author had to meet in Kildare. 

The authar had told them hie time Byphons had givea 
him some trouble. He, the epeaker, had some personal 
experience of these syphons, one set causing him a lot of 
trouble for a long time, though he had got them, right at 
last. But he had also put some down at Armagh which 
worked well from the very start. 

It was very satisfactory to hear that the dry weather 
flow of sewage at Kildare was only thirteen gallons per 
head per day. In a great many towns the quantity of 
sewage discharged at the outfall was a great deal more 
than the water consumed in the town. This was some- 
times believed to he the result of aubaoil water getting 
into the pipe«. The small volume at Kildare would go to 
show that the pipes laid down by Mr. Bergin must be 
perfectly water-tight and did not admit any subsoil 
water. 

With regard to the question of sludge, the author had 
told them that when the septic tank was made in 1900 
they all hoped that there would be no sludge in it. Thia 
opinion may have been held by a great many people, but 
the speaker took the credit to himself of having a different 
one« ■ 

At Leeds in 1897, during a very important discussion, 
he had stated that as long as they had sewage they would 
have sewage sludge to deal with. At the same meeting 
Mr, Cameron described his septic tanks, and Mr. Dibdin ■ 
spoke of contact beds. Both of these gentlemen then 
asserted to a very large audience that the sludge difficulty 
had been overcome. Unfortunately for themselves, a 
good many people believed this statement, for shortly 
afterwards Mr. Dibdin erected some contact beds which 
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sludged up very rapidly, with the reault that the inetal- 
lation would not work. 

kDr. Owen Travis, of Hampton -on-the-Thames, had 
|ied a pamphlet showing the defects of the contact 
3s at that place. After a pereual of his writings tbey 
would probablj form the opinion that they had not done 
what was claimed for them. 

Tbe apeakeiT held that putrefaction was not a necessary 
prelimiuary to the purification of sewage, and that if they 
took steps to separate the solids without a septic tank, 
and adopted SBrobie filtration, they would be able to get 
a good eflfluent* 
^^ The author, however, had not given them a description 
^p}f the results of the treatment, what the eflSuent was like, 
and what purification had been actually effected. This^ 
was the principal information they required. They were 
not all chemists, and hitherto they had had some difficulty 
about getting such information in a form which they 
could use. 

Anyone who was present at a recent scientific meeting 
of the Royal Dublin Society would have heard a descrip- 
tion of a very simple apparatus which Dr. Adeney had 
designed to enable engineers and others to examine the 
condition of any effluent. This apparatus will also tell 
what amount of purification had been effected without 
the use of any chemical formula. It is very simple, and 
a firm of manufacturers have taken it up, so it will be 
^Lvery soon on the market, and he believed that they would 
^Kall find it extremely useful. He was sure that all engi- 
^■neers engaged in this work would be very grateful to Dr. 
Adeney for placing it in theit hands. 

Mr. Hargra^^b, in seconding the vote of thanks, said 
they were very much indebted to the author for his paper ^ 

;he trouble of 
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makings* He could not say ^ery much upon the paper, 
as the subject was outside the scope of hie workj but 
would like to refer to a few points. H 

- The author stated there was an automatic flush tank of 
*abont 7p50 gallons at the head of each main eewer, but he 
did not tell them how often these tanks were flushed. 
He also mentioned that the sewer pipes were carried for 
portion of their length on the top of a wall 5 to 10| feet 
above the surface of the ground. He would like to know 
if any provision was made to protect the pipe from tt# 
changes of the weather. In cold, frosty weather they 
might get a coating of ice inside the pipes which in ca§« 
of a prolonged frost might cause trouble. ^ 

With regard to the fall of 1 in 300 in a 9-mch sewer, ■ 
the author said he would like a steeper fall if he conlA 
get itj and so would everybody, but it was pretty safe. H 

Some twelve years ago he had to erect a system f oi 
carrying sewage j &c from a station and engine-sh^<l 
where there was a quaJitity of fine ashes, and they h^*-*^ 
to use a gradient of 1 in 290. They did so in fear slj:%^ 
trembling, but it had worked well CTcr since with on I J 
one slight stoppage. ^ 

Me. p. H. McCarthy j in supporting the vote of thankirB 
said the paper was a very practical one, and appealed ia 
an especial manner to all engineers. There were just 
mie or two points about which he would like gome more™ 
information. One was the capacity of the filter-beds,™ 
The Hquid capacity is generally about one-third of the 
total volume of the filtering material. That was abou^H 
the normal working condition of the filter. It might 
possibly be reduced to one- fourth or one-fifth of its 
capacity. If reduced leas than this^ — to^ say, one-twen-^ 
tieth, as in the present case — it was simply a mass of solid 
sludge. He would like t^ know how many gallons pe 
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lay passetl through the filters per eubic yard of filtering 
latorial, as, of course, if the liquid was passed through 
at too high a rate it might account for the eludging tip 
^^o some extent. With regard to the sewers, ha would 
"^ike to know if anj small sediment settled at the bottom 
and if they had to use the rods frequently to keep the 
lewers clean. If rods were used pretty freely it would 
be e^sy to keep the sewers clean, but a rather expensive 
way. He would be rather apprehensive of smells with 
surface ventilation and sediment in the bottom of the 
^fewer. The flushing tank of 750 gallons at the head of 
a sewer over a mile long would do for the pipes in the 
upper end, but it was practically useless for the lower 
^Tjortion. They would want three flushing tanks at least 
^fto keep the entire length fairly clean with frequent dis- 
charges. He noticed the author approved of the slate 
beds- Tic had ail opportunity of inspcctintj some slate 
beds in England* It was really marvellous to see the 
work these slat^ beda were capable of doing. The crude 
^ksewage was passed on to the bed^ which is pmctically a 
development of the coarse-grain filter, and the effluent 
was remarkably free from siispeuded matter and suitable 
for further treatment on fine-grain filters. In connec- 
tion with these beds it may be mentioned there was prae- 
Hically a tot^il absence of smell when he inspected them. 
He. R. M- Butler suggested that the Council should 
have photographic slides made of the more important 
[drawings in future similar papers, as it would enable the 
members to understand the papers better. Ilalf-way 
down the room it was impossible to follow the descrip- 
tions of diagrams. It would not be reasonable to expect 
kthe authors of papers to supply such slides at their own 
expense^ but the Council might, perhaps, see their way t^ 
adopt this suggestion. 
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He thought with Mr. Kaye-Parry that the author had 
no need for fear as to the gradients of 1 in 300 for 9-inch 
pipes, for in practice such grades were found to work out 
all right. About eighteen months ago he had put down 
a long length — 850 yards or thereabouts — of 15-inch 
pipes at 1 in 1,000, and they were still perfectly clean, 
although a rod had never been used on them. He thought 
the author was rather pessimistic about the utility of 
tanks. Tanks and the results attained were greatly 
governed by circumstances. In some cases one got a 
great deal of sludge, while in other — the majority — in- 
stances they got but a very small amount. The results 
absolutely depended upon circumstances. 

With regard to filter beds, there was a theoretical idea 
as to the fineness of the filtering material, but he found 
better results were got from filtering materials coarser 
than the theoretical grade. 

In small installations there ought not to be very much 
trouble in cleaning the beds. If they had a good supply 
of clinker or other filtering material on hand the clean- 
ing process could be readily carried out without inter- 
fering seriously with the works. 

With reference to the slate beds, to which Mr. 
McCarthy had referred, he had had some correspondence 
with Mr. Dibdin in regard to the use of these, and later 
on Colonel Dickenson (formerly of Dublin), who was 
interested, assured him that they were absolutely prac- 
ticable, and that he had lain down his full length on one 
of them and could not get any objectionable smell from 
the slate bed. 

These beds yielded a sludge that was a dark, mossy sub- 
stance, and looked like peat, with a slight earthy smell. 

The President said he took some of the credit for having 
this paper brought forward, as he had asked in his Address, 
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that papera should he brought fonrard giving descrip- 
tions of the seTrerB and waterworks which were heing con* 
structed in the smaller towns throughout Ireland. The 
works at Xildare presented some peculiarities, both aa 
regards the very flat gradients and the ingenious way in 
hi eh the sewer '^^as carried overgroimd across hollows. 
The outfall sewer at Navan was a 12-inch pipe, with a 
gradient of 1 in 400, and worked very welL A stoppage 
had occurred on one occasion which, like that at Kildare, 
was caused by a short piece of wood, just longer than the 
diameter of the sewer, getting jammed across. A great 
deal of extraneous matter seemed to have got into the 

ildare sewers which he thought might have been kept 

lit by proper gullies. 

He would ask Mr. Bergin to add some particulars as to 
the cost of the works^ which was always interesting and of 
paramount importance to the ratepayers who had to pay 
for them — that is to say, the total cost and the rate per 

end both for the sewers proper and the purifiers. The 
'question was — Was it possible to purify sewage at a 
reasonable cost? Up to the present, sewage purification 
works had not turned out as satisfactory as was antici- 
pated. He would also suggest that analyses should be 
made (a) of the crude sewage as delivered on the filters, 

h) after passing through them, and (c) of the effluent 
delivered into the stream after passing through the land. 
Mr. James Dillon said the town of Kildare was built 
on high, dry land with a small sewage discharge in 
mmer favouring sewage deposit in a long length of 
sewer pipe. He had executed some works further down 
the country, and he found it was a very dry country as 
regards subsoil. He would like to ask the author what 
was the effect when they had a he^vy downfall of rain? 
Did it not tend to choke the sewers owing to the dry 
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Tveather depoait that might have collected in the sewer 
pipes during the very dry weather, thus acting as an oh- 
fltmetion during the flow of the flood waters through the 
sewer pipes? 

Mr. Beegin, in reply » thanked the memhera for their 
hearty vote of thanks and the manner in which they re* 
ceived hia paper. With regard to the gradients of the 
sewers, these had worked satisfactorily, the rods having 
had to he used only on three or four occasions during the 
past seven years, and at only one point — viz., at the New- 
bridge Eoad crossing, where there are two right angle 
turna in the sewer — but he found that a good deal of 
deposit accumulated, especially in some of the m^^anholeSt 
wLich was carried down to the Dutfall during heavy falls 
of rain and delivered over the storm water filters, neces- 
sitating the frequent cleaning of the latter. 

The trouble referred to in connection with the auto- 
matic feeds of contact beds supplied by Messrs. Adams 4 
Oo. was caused by what are called the auxiliary ayphoua. ■ 
When the apparatus was first fixed these syphons were 
required to fill the air dome pits by syphoning over a 
suflficient quantity of liquid from the beds when the latter 
became full, and afterwards to empty these pits according 
as the beds were discharged- They failed, however, to 
act in this double capacity, with the result that a bed was 
frequently found to be filling and discharging at the 
same time, and consequently working as a continuous fl 
filter in place of a contact bed. By altering the syphon^ 
so that they have only to empty the dome pita and by pro- 
viding a short weir in the walla of pita for filling same 
the defect mentioned was remedied, and the apparatus 
has since been working satisfactorily in every way 

During the year ending the Slat March, 
17,681,585 gallons of ^ater w^ere pumped to the 
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including the barracks, being at the rate of 48,000 
gallons per day, but as fully one-fourth of this is used 
for washing the guns and waggons in the barrachs, which 
does not find its way into the sewerage system, and for 

» supplying districts outside the drainage area, it would 
appear as if the ascertained dry weather flow of sewage 
were practically the same as the quantity of water con- 
sumed. In some places the subsoil water increases the 
dry weather flow, but owing to the nature of the ground 
at Kildare no subsoil water has to be dealt with. 

With reference to the character of the effluents, he had 
hoped to have given a number of analysesj but unfor- 
tunately he was unable to obtain these in time to embody 
B^Il^iii in his paper. He should mention, however, that 
the purification obtained in passing the efiiuent from the 
septic tank through the contact bed is about 70 per cent.^ 
and that although the effluent from the irrigation area 
Khas been discharged into a small stream for the past seven 
' years no complaints of any kind have been received, so- 

that practically tbe works are a complete success, 

I He was very glad to hear that Dr* Adeney had devised 

Ha simple apparatus which would enable engineers to 

' analyse sewage eflBuents, as the custom now in vogue of 

sending sampler to the county analyst was ojieu to many 

objections, 

PWith reference to flushings the flush tanks are dis- 
charged once or twice a week according to the state of the 
wcatber, which has been found sufficient. Outfall Sewer 
Xo, 2 is laid in a substantial concrete coping. It is, 
therefore J encased iu concrete, and has given no trouble 
during frost. The unsuitable land referred to was laid 
out in order to <!omply with the Local Government 
Board's Regulations when the second portion of the 
scheme was being carried out, but it is never used. The 
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land that is used, containing one and a half statute acres, 
has, therefore, been dealing with a dry weather flow of 
36,782 gallons per day, being at the rate of 24,521 
gallons per acre per twenty-four hours. 

He would add an addenda to the paper giving the cost 
of the works. 



ADDENDA. 

The works comprise the construction of four miles of 
eewers, varying from 6 inches to 12 inches in diameter, 
30 manholes, 3 inspection chambers, 10 lampholes, 3 
flush tanks with disposal works, and have cost, exclusive 
of law costs and engineers' fees, £4,898. Of this sum 
£3,298 was expended on sewers, manholes, &c., and 
£1,600 on disposal or purification works, which included 
the purchase of land, the preparation and under-drainage 
of two and one-fourth acres of land for irrigation pur- 
poses, the construction of septic tanks, contact beds, 
storm water filters, concrete carriers, &c. The disposal 
works have, therefore, absorbed one-third of the entire 
cost of the works. 

The alterations mad© in Septic Tank No. 3 resulted in 
all the heavy sludge being caught in the first compart- 
ment, while there is practically no deposit in either the 
se(^ond or third compartment. The author has there- 
fore come to the conclusion that all septic tanks should 
be divided into two or three compartments, somewhat as 
shown on Drawing No. 7, and that where the fall permits 
the tank should be constructed of a capacity of only one- 
third of the dry weather flow, with a slate bed of adequate 
size to receive its effluent before the latter is discharged 
either on filters or on land prepared for irrigation 
purposes. 



[4th March, 1908.] 

Mr. J. H. Moore, President, in the Chair. 
The following Candidates were balloted for and duly 
elected : — 

R. H. Rhixd, as a Member. 

A. Hale, as a Member. 

F. E. Draper, as an Associate Member. 

The President announced that the paper which was to 
have been " read " had been withdrawn. 



[l8t April, 1908.] 
Mr. J. H. Moore, President, in the Chair. 

The following Candidates were balloted for and duly 
elected : — 

A. J. Downing, as a Member. 

G. J. S. P. Kelly, as an Associate Member. 

Description of the Works in Connection witk 
THE Proposed Additional Storage Reservoir at 
Round WOOD, Co. Wicklow, for the Corporation of 
Dublin. 

By John G. O'Sullivan, Member. 

It having been pointed out that a paper in reference to 
the above works would be of interest to the members of 
this Institution, the author has much pleasure in sub- 
mitting the following notes which are intended as an 
explanation of the accompanying plans. 

A paper based upon the experience of difficulties en- 
countered, and the means adopted for overcoming them, 
when dealing with large works of this description, would, 
it is considered, be more acceptable to the members. All 
that can be claimed is the indulgence of the members 
whilst this outline of the proposed works is placed 
before them, which, in consequence of the paucity of 
similar works of such magnitude in this country, must 
prove somewhat interesting, and it must be left to others 
to chronicle whether or not the suggestions now put 
forward have merited that success for which those respon- 
sible have striven. 

As all the members of this Institution may not be 
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rpersonally acquamted %\-ilh tlie Incu-f hi quo of the works 
of our present water siippl}* for tiie city, it might here he 
mentioned that they are situated upon the Tartry, a. 
small river, only ITi miles in leng-th, which rises at the 
basey of the great Sugarloaf and Douce Mouutaius, iu tlie 
County of Wicklow- From the time it emerges from tlie 
well springs on the sides of these mountains the natural 
course of the river is in a direct inn directly contrary to 
that in which the City of Dublin lies. From its source 
the river flows in a southerly direction, through a 
thinly-populated district of the County Wickhms and 
iu its couri?e passes through the DeviFs Glent tlie 
picturesque village of Ashford, the Broad Lough, and 
Hows into the sea at the town of Wieklow, 

It is hoped that it will not be considered out of place if 

a brief reference is here made to the existing gtorage 

works at Bound wood, to which the proposed reservoir will 

act as an auxiliary or supplemental supply, 

^m At a level practically of 700 feet over the sea, and close 

to the little village of Eoundwotxl, the Corporation of 

Dublin, over forty-five years ago, constructed the existing 

reservoir and works* The point selected on the Eiver 

^■Yartry us the site of the embankment to form the existing 

' ftorage reservoir is about T^ miles from its source, and 

about 11 miles south-east of the village of Eoundwood, 

The level of water in the river at this point was G32 feet 

ibove Ordnance datum and 520 fe-et above the highest 

'})art of the City of Dublin. Wten the reservoir is full 

to reduced level of (i93,45, the area oi land covered is 40tJ 

acres, the greatest depth being GO feet, and the mean 

average depth 22' feet. Its storage capacity is about 

L2p400,000,000 gallons, or equal to two hundred days* 

'mipply for the City of Dublin and the suburban districts, 

mi the rate of 12,000,000 gallons per day, or when the 



96 DESCRIPTION OF THE PROPOSED ADDITIONAL 

movable planks are fixed on top of bye-wash, whereby an 
additional foot in depth of storage is obtained, there is 
two hundred and seven days' supply. 

Two other embankments had to be constructed (the 
Knockatemple and Waters Bridge) to cany county roads 
across the reservoir; but the entire water is impounded 
by the one bank above described. 

The reservoir and works are surrounded by a boundary 
wall of rubble stone 5 feet high, the base of which is 
carried round the reservoir on a contour line 6 feet above 
top water line. This wall is over eleven miles long, and 
encloses, including embankments, filter beds, and the 
lands purchased by the Corporation, 550 acres. 

Some years ago the Corporation of Dublin were advised 
by the City Engineer, Mr. Spencer Harty, that the time 
had arrived when it was necessary to make provision for 
the additional drain imposed upon the storage works by 
the increased area of supply. 

Mr. Harty, in addition to the many other pressing 
duties attaching to his office as City Engineer, holds the 
position of Waterworks Engineer, and from his long years 
of experience and practice (having been associated with 
the Yartry scheme since its inception) is recognised as one 
of the leading waterworks experts in the kingdom, and 
has repeatedly appeared as such in the witness chair 
before the Committees of the Houses of Lords and 
Commons. 

In deference to his strong expression of opinion and 
advice, the Corporation acquired over 610 acres of land 
for the purpose of the proposed additional reservoir, and 
the author was subsequently directed to make the neces- 
sary surveys and sections, and prepare the contract plans. 

The portion of the valley to be now submerged for the 
construction of the second storage reservoir is upon the 
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reach of tlie Yartry river immedintelj aboYe the existing 
reservoir, and will extend in a northerly direction from 
the north end thereof towards the Sugarloaf Moxmtain, 
and will lie almost at the foot of the eastern slope of 
Donee Mountain, 

The site of the new reservoir is about thirteen miles 
from Bray^ and about twelve mile§ from the town of 
Wieklow— the total distance from Dublin being about 

rtwentj-five miles. 

On the plan lodged in Parliament close on fifty years 
igo for the existing waterworks it was proposed to con- 
struct a compensation reservoir at a point lower down 
the river (at Annagollen Bridge), about two miles below 
the proposed storage reservoir, to provide water compen- 
sation against the claims of the millers and riparian pro- 
prietors on the river below. Fortunately, however, prior 
to the Bill going before the Parliamentary Committee, 
this reservoir was abandoned, and it was determined to 
pve money compensation in lien. By this arrangement 
the Corporation have become the sole owners of all the 

^water which falls upon the catchment basin above their 
works, and no party has any right or title to use or divert 
any of it, with the result that now, many years after that 
date, when they have determined to supplement their 

.storage, they are not faced with the expense attendant 

Iiapou compensating or extinguishing any riparian rights, 
Watersked^^The watershed or drainage area of the 

'existing reservoir is 13^700 acres, all practically situated 
upon a plateau which stands at an altitude of between 
TOO and 900 feet over sea level, the district being some- 
thing similar in shape to that of a saucer, being for th© 
most part surrounded by hills. The catchment line or 
forming the boundary of this area is highest upon 
vestern aide, where it extends 
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eLain of moim tains comprising Douce, and varies from 
2,384 feet to 1,580 feet, whereas on the eastern eide 
the altitude of the ridge varies from 1,200 feet to 800 feet. 

As the new reservoir will be cona true ted at the upper, 
or northern, end of the existing reservoir, the gathering 
ground or catchment is accordingly rediiced^ and the area 
draining into the new reservoir when constructed will be 
9,000 acres. 

Freedom from PoUrttion.^-Ii may he taken that there 
are very few gathering gixjunds within the United King- 
•dom, except those from which all human habitations have 
been removed, which are so free from the ri&ks of poUu- 
tion as is the Ciitchment area of the Yartry, There are 
comparatively few human habitations within the catch- 
ment area, with the exception of the village of Bound^fl 
woodj the entire surface and other drainage of which has 
been intercepted and carried away in a S'cwer constructed 
for the purpose, and which discharges into the river at a 
point below the filtering beda at Vartry Lodge. In 
addition^ there is very little agriculture, and the propor^ 
tion of bog-land is small. 

llr. Mansergh, in his evidence at the inquiry held 
the Local Government Board in reference to this schemo. 
pointed out that on the eatehment of the Thames it is 
calculated that there are 300 persons j^er square mile, 
compared with 30 persona per square mile in the Vartry 
catchment. 

The committee appointed by the Local Govemmen 
Bo<ard for Ireland in 1900, in their report upon the public 
health of the city, refeiTed to the water supply, and 
stated they were satisfied that the Tartry water supply 
of the most excellent quality. 

Geology. — The geological formation of the entire 
drainage area is the lo-wer Silurian and Cambrian slate. 
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Bxcept on the tops oi the adjoining hills to tke west^ 
L where the granite crops out in spota. 

The new reservoir^ however, ia situated entirely over 
the Cambrian slate formation, which has boulder clay of 
varying qnality overlying it. The bonlder clay on the 
&aatem side of the valley is stiff and good, but that upon 
the western side contains an amount of silty matter. 

The junction of tKe lower silurian with the Cambrian 
liakes place some distance to the west of the proposed 
> embankment and reservoir. 

UlKJU the centre lines of the principal works trial pita 
were sunk, with the result that it was found the rock 
formation dipped slightly to the south at an angle of 
about 15 to 20 degrees. Along the centre line of the 
main embankment the bed rock level was reached at 
<lepths below the natural surface of the ground varying 
from 11 feet to 37 feet. 
^M The level of the rock approaches nearest to the surface 
<jf the ground at the deepest part of the valley, so that the 
height of the embankment at this point, from the finished 
level to the level of the rock^ is but 62 feet, 
B Area of the Ground Acquired.^ — As already stated 
above, the Corporation some years ago acquired 510 acres 
for the construction of this new reserv'oir, and when the 
level of the water in ihe reservoir will reach the crest of 
ihe overflow weir (T38.00) 303 acres of the ground will 

ibe submerged- 
Within the boundary fence o£ the new reservoir there 
are at present three dwellinghousesj which will be re- 
moved. 
Dimen.nons of the ReseT^oir. — The total length of the 
boundary fence around the ground acquired amounts to 
seven milee, and this fence has been constructed as 
liiearly as possible along the 744-00 contour line, being six 
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leet o¥er top water level. The maximum length of the 
new reservoir, nieaBured from the centre of the embaiik- 
zoent to the moat northern point of the new boundary ■ 
fence, is two and one-eighth miles. The maximum width 
of the ground is two-thirda of a mile. _ 

Top Water Leveh — The reduced level of the crest of ( 
the overflow or waste weir has been fixed at 738,00 above 
Ordnance datum. fl 

Capacity. — The greatest depth of water in the proposed ^ 
reservoir will be 44 feet, which will be at the embank- 
ment immediately over the lowest part of the valley* 
The mean average depth will be pi'actically 16 feet, and 
the estimated contents of the proposed reservoir, when 
full to the creet of the overflow or waste weir, will be 
1,259,000,000 gallons, from which must be deducted about 
23,000,000 gallons which would be below the lowest draw- 
off (not including the scours), leaving available over 
1,236,000,000 gallons. 

By the addition of th© new reservoir the total quantity 
stored and available will be 3,360,000,000 gallons, being 
240 days* supply at the rate of 14,000,000 gallons per 
diem. 

Diversion of Vartry River. — The first work which must 
be undertaken in connection with the construction of the 
new reseiT^oir will be to divert the river in order to permit 
of the excavation of the puddle trench in the lower part 
of the valley. With this object in view it will be necea* fl 
sary to construct the eduction canal and tunnel as well 
as the bye-wash channeL In order to secure the works 
against all possible risks from flooding during their pro- 
gress it is also proposed to construct at the same time the 
bye-wash tunnel and the temporary branch tunnel, as 
suggested by Mr, Mansergh, to both of which reference 
in detail will be made further on. 
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The danger likely to ariae from flood-water during the 
rainy seasons whilst the works are in progress is neces- 
sarily a matter of grave consideration j and all the requi- 
site precautions must be adopted, so that nothing may 
be left to chance. 

The maximum flood which appears to have occurred in 
the Yartry valley during the past forty -five years took 
place in the year 1880, when 1 foot 5 inches was recorded 
upon the 300-foot weir. From calculations it has been 
found that thia was equal to about 8.0 cubic feet per 
minute per acre over the 13^700 acre« of drainage area. 

The proposed works, however , at the suggestion of Mr^ 
Mansergh are now designed to deal with a flood of 15 
ibic feet per minute per acre over the restricted catch- 
'ment aren, and it is intended that in the eveut of a flood 
of such magnitude taking place, a volume equal to two- 
thirds thereof shall be passed through the eduction tunnel, 
and the remaining one- third through the temporary 
branch tunnel into the bye^-wash tunneL 

The estimated flood of 15 cubic feet per minute per acre 
is practically double the flood of 1880, thereby leaving a 
rery safe margin. 

In addition to the above it will be found by reference 
to the Report of the Castletown Commission that from 
observations made by Mr* Bobert Manning, M.Inst, C.E., 
on the eastern coast of Ireland the maximum flood dis- 
charges do not appear to have exceeded 3 cubic feet per 
minute per acre. 
I In addition to the construction of the temporary 
branch tunnel above referred to it is proposed to constTuct 
a large temporary stank or dam across the valley about 
300 feet up stream of the line of the main embankment- 

This stank will be 500 feet in length, and will be 18 
feet in height. It has been calculated that this will be 
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more than enough to secure the works in the trench even 
though the temporary tunnel was not constructed. 

However, the cost of adopting these temporary precau- 
tions is but a fraction of the entire cost for the permanent 
works, whereas the satisfaction of the engineers will be 
great indeed if they ever experience during the progress 
of the works a flood of the estimated amount of 15 cubic 
feet per minute per acre. 

As has been already stated above, the first part of the 
work to be undertaken must be the eduction canal and 
bye-wash channel, which will during the progress of the 
remaining portion of the work really form the diverted 
course of the River Vartry. The eduction canal will, 
therefore, serve a double purpose : — 

First, it will act as a river diversion during the con- 
struction of the embankment, and must, as in the case 
of the bye-wash, be of sufiicient dimensions, and have a 
sufficient fall to convey with safety, and without undue 
erosion of its bed or banks, the maximum quantity of 
water that may be delivered into it by the Vartry river 
at the point of diversion. 

Second, it will, after the completion of the embank- 
ment, act as a feeder to the eduction tower when water in 
the reservoir is low, and also as a means for scouring. 

The first-mentioned requirements are very much more 
exacting than the latter. The dimensions of the canal 
have been made to suit the former. In other words, the 
eduction canal and bye-wash have been designed to secure 
the same discharging capacity. 

The eduction canal will be 21 feet in width, with a 
gradient of 1 in 785 in earth, 1 in 320 in rock, and slopes 
of 1|^ to 1. For a distance of 980 feet it will be entirely 
in earth, and for 780 feet the channel will be entirely 
through rock. 
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Tbe strength of a chain heing adjudged by that of its 
weakest lint, it was necessary that a similar standard 
fihould be applied to test the efficiency of the design for 
the proposed works. It has been found from experience 
that the weakest link in connection with the successful 
completion of the works for a new reservoir lies in the 
manner in which the eduction opening under the line of 
the embankment is constructed. There are instances in 
which, owing to the configuration of the valley, it has 
been found possible to construct such openings perfectly 
<i]ear of the line of the embankment, by taking the draw- 
off tunnel, or culvert, through the natural ground on the 
«ide of the valley. 

Undoubtedly, such a method of construction would be 
the best, as the impounding embankment would then be 
free from all risk of any settlements likely to arise from 
defects in the construction of a masonry culvert. 

However, in this scheme the next best step has been 
taken, and the draw-ofi tunnel will be constructed in the 
solid rock, so far removed from the centre of the valley 
as to be nearly cleiir of the line of the main embank- 
ment. With the superincumbent rock it is conildently 
felt that no anxiety need exist of any trouble being likely 
to arise from this source. Apart altogether from the 
sense of stability which a tunnel through rock naturally 
inspires, there ig; also this further and most important 
advantage — ^that the efficiency of the puddle wall will in 
no way be interfered with, inasmuch as the tunnel will 
pass through the rock far below the level to which the 
puddle wall will be carried. If the eduction culvert had 
to be constructed of masonry across the longitudinal axis 
of the main embankment it would set up a number of 
weak apoU in the puddle walL By the adoption of the 
present arrangement the puddle wall will b© one large 
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homogeneous and compact mass for its entire lengtii 
across the valley* 

The eduction or draw-off tunnel will be 360 feet in 
length. The invert will be flat^ and the roof or arch will 
DB semicircular. The tunnel will be 15 feet in width and ^ 
13 feet 6 inches to the crown of the arch. | 

The floor or invert of the tunnel will have a gradient of 
1 in 785, and under head will discharge 10 cubic feet per 
acre per minute. Thi&, as has been pointed out above, will 
only be two-thirds of the estimated maximum flood dis- 
charge of 15 cubic feet per minute per acre. The lessening 
of the discharge through the tunnel was unavoidable in 
consequence of the proximity of the lioe of the proposed 
embankment fco the existing reaervoirj and to the desire 
to maintain the maximum thickness of rock in the arch of 
the tunneL Accordingly , in designing these works very 
great difficulties had to be overcome owing to the small 
diiJerences of level between the up-stresam side of the em- 
bankment and the present reservoir. f 

Throughout the entire time that the design of these 
works was under consideration it was necessary to keep 
well to the forefront the necessity for providing for the 
river and winter floods during the progress of the works, fl 
in addition to securing the maximum efficiency for tlie 
works of permanency after the completion of the reser- 
voir. Hence it was found in many cases that what would 
be expedient in the former caae would be most unsuit- 
able in the latter* 

Amongst other thingSj therefore, which had to be re- 
sorted to during the time of the designing of these works 
was the cutting away or sinking of the rock farming the 
invert or floor of the tunnel to a depth of 6 feet below 
the gradient line joining the points of the invert imme- 
diately above and below the tunneL 
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By the adoption of this sump, or sunk area, for the 
, entire length of the tunnel the efective depth of rock for 

■ cutting the tunnel through will be from 27 to 30 feet, 
I measured from the invert. 

kWhen the eduetion aud acour pipes are laid in position 
a wall will be built across the southerUj or outlet, end of 
ihe tunnel, so as to prevent water from the bye-wash 
entering into the eduction tunnel, 

Ul>on the completion of the tunnel the sides and arch 
I will be lined with brickwork in cement^ the inner ring 
B'being of blue Staffordshire brick. Spaces between the 
brickwork and the rock will be filled in with concrete* 
The floor or invert of the tunnel will be laid with con- 
crete after the pipes are placed in position* 
K Upon the completion of the works the inlet^ or up- 
stream, end of the tunnel will be sealed with a ping con- 
sisting of masonry in cement 14 ft. Gins, in thiclaiess and 
blue Staifordshire brick in cement 18 inches in thickness, 

■ In immediate eonnection with the eduction tunnel will 
be constructed the eduction tower, in which will be 
placed the draw-off pipes. This tower will be built upon 
the rock forming the crown of the arch of the tunnel, and 
it will stand at a distance of 28 feet from the inner face 
of the plugging. 

The rock within the area covered by the flood of the 
tower will be removed , thus forming a direct and clear 
pasage from the tower into the tunnel underneath. Un- 
like the existing tower on the present retser\*oir, this will 
l>e a diy tower with a 33-inch vertical draw-off pipe 
carried up in the centre thereof. By the adoption of thig 
■design of tower and tunnel the eduction and scour pipea, 
with all the draw-off connections and valves, will be com- 
pletely exposed to view, and rendered easy of access for 
constant inspection. 
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Iron platforms and ladders will be provided for ascend- 
ing and descending through the tower. The efficiency 
and safety of the draw-o£E connections will, in addition 
to the ordinary valves inside the tower, be further secured 
by penstocks upon the outer facings. 

As I have already stated, the bye-wash channel must 
be constructed concurrently with the eduction canal and 
tunnel before the embankment work can be proceeded with. 

This channel will be, for the greater portion of its 
length, cut out of the solid rock, and will be merely in 
soil for a short length where it adjoins the existing 
reservoir. 

It will be 30 to 40 feet wide in the rock, except at the 
point immediately south of the two tunnels. It has been 
designed to discharge the estimated maximum flood dis- 
charge of 15 cubic feet per minute per acre, which it is 
calculated will rise from 6 to 8 feet in the rock cutting. 

As has been pointed out before, the construction of the 
bye-wash tunnel must be undertaken as one of the 
primary works, in consequence of the part which it is 
proposed it shall play as a flood-water overflow. In the 
event of experiencing the full efEect of the estimated 
maximum flood discharge the bye-wash tunnel will' pro- 
vide for the remaining one-third of the flood water, the 
first two-thirds being discharged through the eduction 
tunnel. 

The bye-wash tunnel p^r se, however, is primarily 
designed to convey the maximum flood discharge of 15 
cubic feet when the reservoir shall have been completed, 
as it is only by this means that the flood or waste water 
can then be disposed of. This tunnel, cut through the 
solid rock, will be 15 feet in width, with a flat invert and a 
semicircular arch or roof. The height of the tunnel will 
be 12 feet to the crown of the arch. The gradient 
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through the tunnel will be 1 in 900^ and is calculated to 

discharge the full flood under bead, 

A consideration which played an important part in de- 
termining the adoption of a tunnel lor a portion of the 
length of the bye-waah was that the continuity of the 
puddle wall for it# entire length across the valley would 
|be maintained unbroken, thereby securing its maximum 
efficiency intact. 

The natural tendency in designing an overflow weir 
and waste- water or bye- wash channel without much con- 
sideration would be to make the waste- water pass over an 
open weir on the line of the embankment and then down 
an open channel constructed on the down-stream side, 
protecting the course of the flow of the water with heavy 
masoDJj in cement; and, as a matter of fact, overflow 
weirs and bye-wash channels are largely constructed in 
this manuer. It is far preferable, however, to carry the 
waste water round the end of the embankment in the solid 
ground rather than io have the best possible design of 
w^aste weir and bye-wash channel intersecting the line of 
the embankment. The construction of an open masoury 
eir and bye-wash channel over or through any portion 

an earthen embankment spoils the whole liomogerieity 

the work by cutting through the puddle wall. 

In this case by the adoption of the tunnel for a portion 
of the length of the bye-wash the necessity of cutting 
through or in any way interfering with the puddl© wall 
has been obviated. 

If an open cut or by€^wafih had been adopted in this 
case it would have been necessary to have altered the 
method of the puddle wall construction at this end of the 
embankment — an addition which was found would have 
added very considerably to the cost thereof* 

In conjunction with the bye-wash channel and tunnel 
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t^ill be constructed the overflow weir or safety valve of the 
reservoir. 

The iorm and description of overflow adopted for this 
scheme is not original, but is nevertheless novel. It con- 
sists of a circular shaft snrmoimted by a circular overflow 
weir. The diameter of the shaft at the weir level is 72 
feet, and tapering downwards the shaft is reduced in ■ 
diameter to 20 feet. 

The depth of the shaft, measured from the crest of the 
weir to the invert of the bye-wash tunnel below, will be 
43 leet, but at the bottom of the shaft there will be a fl 
sump which it is proposed to carry to a further depth of 
6 feet. 

This sump will form a water cushion. In arriving at 
the decision to adopt this form of waste water disposal, 
the author was influenced by the knowledge which had 
been obtained as to the rock formation on this side of the 
valley, and the opportunity it afforded of securing tTie 
most permanent structure. 

This shaft is entirely cut out of the solid rock, no 
portion of it being constructed with the exception of the 
weir on top. This method of disposing of the flood water 
is but an application of the principle of the upstand pipe 
in a bath or cistern, and iU constniction in this instance 
will form, so far as the author has been able to ascertain, 
the third within the United Kingdom, The adoption of 
the design in this case, however, is under more advan- 
tageous circumstances, being cut out of the solid rock, 
whilst those at Blackton and Tynemouth are constructed 
of masonry. Being entirely of rock, and altogether free 
from constructional masonry of any and every descrip- 
tion, it combines the maximum of strength and dura- 
bility compatible at the same time with the highest 
standard of efficiency. 
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Before finally suhmitting this form of overflow for 
adoption, the question of cost, as compared with an open 
weir and bye-wash, was most carefully considered, and 
the result, after many alternatives had been thoroughly 
entered into, was that this would prove the cheapest 
' method of providing for the disposal of the waste 
water- 

Assiiming the maximum flood to be dealt with after the 
completion of the works will be the same as that calcu- 
lated for during their construction, it was found that a 
weir 226 feet in length would meet all the requirements 
and permit the flood to di&charge in good time, and thus 
obviate the risk likely to occur from considerably raising 
the water level over the entire reservoir. This length of 
fweir will secure that the maximum flood will not rise 
more than two feet over the level of the crest. 

The author has prepared the following table, showing 

the comparative lengths of several weirs and the propor- 

B^ion they be^r per 1,000 acres of their catchment areas : — 



STATEMENT SHOWING COMPARATIVE LENGTHS OF WEIRS 
TO CATCHMENT AREAS, 



P Reservoir 


Catchment 
Area. 


Lenictli of 
Weir 


Number of feet of 
Weirijer 1,000 acres 
of Catcliniont Are^ 


TaUa (Edinburgh) 


^im 


200 


32.3 


^ont Valley (Tynemouth, 


7,400 


300 


40.5 


Burrator (Plymouth) 


6,360 


125 


23.3 


BalderBdUle 


10,100 


240 


2».7 


Lunedale 


18,900 


500 


20,4 


Rotiudwood (Old) (Dublin) 


13,700 


300 


22 


^imdwood (New) (Dublin) 


9,000 


226 


25 
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Emhanhment, — Wlien tke iiecesaary provision for 
iliverting the river has been made by coDstnicting the 
eduction canal ttiniiel and bye- wash channel, the con- 
struction of the main impoiindiog embankment will be^ 
proceeded with. 

This embankment will be constructed right across the 
Talleyj and the reduced level of the roadway on top will 
be 744.00, or 6 feet above the level of the crest of the 
overflow or waste weir. The length of the embankment, 
measured at this level, will be over 2,2(K) feet, and will 
stand over 60 feet above the natural surface of the ground 
at the river level — the maximum depth of water im- 
pounded being 44 feet. 

The entire area covered by the base of the embankment 
will be 8a, Or. 3p.j which will be entirely cleared of top 
soil and all vegetable growth. 

The maximum width of the base of the embankment 
which will be at the river level will be over 290 feet. 

The width of the road on top of the embankment will 
be 21 feet J and a screen or parapet wall 5 feet in height 
will be built along the up-stream aide of this road. 

The inner slope of the embankment will be 3 to 1, 
paved with stone pitching laid on a bed of broken stone. 
The depth of the pitching varies from 12 inches on a 
6-inch bed to 18 inches on a 12-inch bed. The outer slope 
will be 2| to Ij which will be soiled and aown with grass 
seeds. 

Puddle Wall mid Trench. — The pnddle trench will he 
2,690 feet long, and will be carried down through the 
rock until a firm, impervious bed has been reached. The 
ground overlying the rock varies considerably in depth 
from 10 feet to 38 feet. In consequence of the water- 
logged condition of the ground upon the western side of 
the valley it is proposed, in accordance with Mr, 
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Maiisergh*s BUgg&stion, to construct in the excavated 
rock a concrete shoe with a tongue in which the base of 
the puddle wall will sit. 

The puddle wall will be 6 feet thick on top, and will 
be carried up 4 feet above the level of the crest of the 
overflow weir. It will be equal in length with the puddle 
trench (2,690 feet)> and will hava a batter on each side of 
1 in 8. The maximum width of the puddle wall at the 
natural surface of the ground at the river level will be 
18 feet. 
■ Road DivGTsiom^ — There will be two road diversionsj as 
the area now fenced in for the proposed reservoir is 
traversed at two points by roade. As both of these roads 
for a certain portion of their lengths will be submerged, 
it will be necesiary that they shall be diverted either in a 
horizontal or vertical direction. 

In the case of the first a new road will l>e constructed 
immediately adjoining that of the present road, and in 
the second instance the existing road will be divert€d in 
a vertical direction — the new road being construe ted on 
top of the existing road. 

One of these roads is the main county road leading from 
Bray to Eoundwood and the Seven ChurcheSj and is situ- 
ated on the western side of the valley. It is proposed at this 
place to construct a new road on the eastern side of the 
existing road* The length of the new road will be DOIJ 
feet* The existing road can be kept open for traffic 
during the construction of the new road, which will be a 
great convenience in drawing materals, and will obviate- 
^any dislocation of traffic. 

The second is an accommodation or bye-road, and 
the valley at a point about one and a half miles 
abtJTe the centre line of the proposed main embankment. 

The embankment portion of the roadway will be 1,412 
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feet in length, and will rise 18 feet G inches over the level 
of ground at river. 

General Works, — In connection with the scheme it will 
be necessary to construct boundary walls along a portion 
of the Mullinaveige and Knockraheen roads, at the 
junction of the centre line of the embankment with these ^ 
roads, together with entrance gates and piers. 

It is also proposed to erect at the entrance gates on the i 
Mullinaveige Koad a steward's or caretaker's lodge, 

~Fqt the carrying out of the w^orks provision w^ill be 
made for the bousing of the men who will be employed, 
and the site selected for the erection of the necessary 
dwellings, very fortunately, is situated without ihe 
catchment area of the Vartry, The drainage, therefore^ 
from this site will be disposed of without incurring any 
risk of the pollution of the streams or wat-ercourses at j 
present draining into th-e existing reservoir. 

Tlie fact that a large number of men will be employed' 
upon the work has necessarily considerably exercised the 
minds of those responsible, in order that no nuisance 
should be committed by the men upon the Corporation 
grounds, and the moat stringent regulations have been 
drafted for the guidance of the contractor. In addition, 
tbe contractor will be required to make every provision 
possible for the convenience of tbe men. There will also 
be a destructor provided and erected for tbe systematic 
disposal of the sewage, which should obviate all possible 
risk of pollution of the area. H 

Tbe following table of tbe principal features and ^^ 
dimensions of tbe proposed reservoir at Houndwood has 
*heen prepared, and similar information regarding them 
has Ijeen obtained with respect t.o earthen embankments 
on the existing reservoir at Eoundwood, Talia for Edin- 
burgh, and Pont Valley for Tynemouth : — 
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Mr. Bergin, in proposing a vote of thanks to the author, 
said the paper was a very interesting one, and contained 
a considerable amount of very useful information. The 
•construction of such an embankment was a work of the first 
magnitude, and he was quite sure that the paper which 
they had just listened to would prove a valuable addition 
to the literature of the Institute, especially when accom- 
panied by the excellent drawings and diagrams which 
had been exhibited that evening. With regard to the 
flood water discharge, it appeared to him that 15 cubic 
feet per minute per acre was rather excessive, and he was 
glad to see Mr. James Dillon present, as he would be able 
to give them some valuable information on this point 
gained during his long experience of arterial drainage 
works carried out all over the country. A flood discharge of 
15 feet per minute per acre might occur in small elevated 
catchments, especially on the west coast of Ireland, but in 
his opinion it would not be experienced anywhere in 
Ireland in a catchment of the character and extent of the 
Vartry. 

With reference to the overflow shaft it certainly was of 
a novel character, having been adopted for only two other 
works so far, and the design was undoubtedly admirably 
adapted to the configuration and nature of the ground 
where it was proposed to construct the shaft. 

The form of the eduction tower was also, to his mind, 
well designed, as it was a great advantage to have easy 
access to all the valves, which sometimes give so much 
trouble owing to the difficulty often experienced in 
getting at them. 

With regard to the concrete shoe, this design might 
suit very well in some places, but he did not consider it 
an economical one in a locality where there was an un- 
limited supply of excellent puddle, and where the transit 
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of materials, sxicli as cement, was so very high. He 
loubted whether it was worth the additional cost it would 
tentaih 

Mr, Butleh, in seconding the vote of thankfi, said the 
r"pai}er was an excellent one, and he was very pleased to 
hear it read. He had personally never carried out any 
waterworks, but pos&ibly that was the rea&on why he had 
■"been selected to second the vote of thanks. One was 
struck most forcibly by the enterprise of the C^orporatioo 
of Dublin so many years ago in undertaking this great 
scheme of waterworks on the Yartry, long before other 
cities attempted works on a similar scale. Dublin was 
fortunate in having such water so comparatively near at 
handj which compared very favourably with Birmingham, 
ilasgow and other cities. The water supply of Bir- 
^^uiugham had to be carried nearly one hundred miles 
from near Eyader. Owing to the remote and isolated 
situation of the Birmingham waterworks one of the first 
things the Corporation of that city had to do was to build 
practically a town, the plans for which he had the oppor- 
tunity of seeing the other day. Dublin had been saved 
this necessity. 

Mr, Bergin had dealt with the technical parts, and all 
he could say wa^ that the paper was a verv^ good one, 
being both brief and clear. The author had given them 
an excellent synopsis in an exceedingly simple manner 
and in a few words. The drawings were equally clear, 
and shown in a very admirable manner. They were 
in great contrast to the illustraJtions to some papers 
►cad, which had not been so well done, on previous 
occasions, It was a very good idea to have an 
assistant to use the pointer, as it enabled the author to 
get through the paper in loss time, in a better manner, 
and without distraction. 
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He would like the author to give them a little more 
iDformation about the shoe recommended by Mr, 
Mansergh to be put at the base of the puddle wall. He 
was uot quite clear as to why Mr. Bergin disapproved 
Df itj unlesi it was that it was not homogenenuB with 
the puddle. Perhaps the author could enlighten 
them. 

Mr, Dillon said he was very glad to have heard the 
paper read- A good many years ago he happened to \m 
chairman of the Sanitary Committee of Kingstown Dis- 
trict when they got notice from the Dublin CorporatioE 
that if rain did not fall they would unfortunately be 
obliged to cut off the whole Vartry Bupply to Kingstown 
District. He realised what that meant, and could mot 
understand how such a state of affairs should have come 
about. So he and the other members of the committee 
(rent out to the waterworks to satisfy themselves that 
there was uo water in the reservoir. He should have said 
that there was an exceptional dry summer that year* 
Iloweverj they found the Tartry reservoir so dry that they 
could walk across its bed. He wus, therefore, pleased to 
iiear of any proposed scheme that would place the Dublin 
district in such a position tbat the district would not be 
in danger of being left without water. 

With reference to the flood discharges due to a fall of 
16 cubic feet per acre in tweuty-four hours, of course it 
wa5 understood that suck a discharge would be greatly in 
excess of what was expected or had taken place in this 
country generally. In reservoirs at great elevations tHey 
might be affected by the south-east winds highly sur- 
charged with wat^r, and the flood discharge increased 
accordingly beyond the usual volume ; but if they ever got 
15 inches it would be very exceptional. He thought they 
should have a good supply, and he hoped when the works 
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^were finished that thej would prove as substantial aa those 
^■"^hich were now many years in use. 

^P Mh* J. H. Eyais asked the author were there any oatch- 
ment drains round the proposed reservoir. The catch- 
ment area was very large, and he took it that the whole 
catehmenf area, drained into the proposed reservoir. He 
noticed there were several farms in the catchment area, 
and there -certainly would be some contamination arising 
therefrom. In the Belfast waterworks system they had 
gone to an immense expense in clearin^^ all the farms 
from the catchment area — in fact, the catchment area 
had been turned into a prairie. It had been found that 
the water was contaminated to a certain extent by these 
farmsj and he would lik© to know if any provision was 
made for the purpose of intercepting any contamination 
from the proposed reservoir at Roiindwood. 

Mr. J. T. Jackson said that an additional advantage 
conferred by the proposed reservoir would be the greater 
security against the effects of any accidental bacterial 
contamination. The longer storage period would secure 
the most thorough purification of the water through the 
agency of the dissolved oxygen, 

Mn. George Moore said he desired to ask one or two 
questions, lie would have liked t^ have heard something 
abont the experience gained by the) sinking of the trial 
pits, as very little had been said on that subject. The 
author did not say what was the nature of the soil, or if 
he came across springs of any great magnitude* He (Mr- 
Moore) had had some experience of the nature of the 
ground in that districtj and frequently found it very 
treacherous. Owing to the water-logged description of 
the soil he anticipated great difficulties as to springs being 
discovered when sinking the tongua in the rock under the 
embankment for the puddle core to go into. He would 
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like to know from the author, in the event of cominr 
across such springs, which would probably be oi great 
magnitude, what method he proposed to adopt to deal 
with such difficulties. The author referred to different 
classes of rock existing, and he (Mr. MooreJ would like 
to know how many classes he had discovered in the imme- 
diate vicinity of the proposed embankment. He thought 
they were likely to get different sort^ here— som^ would 
possibly be soft and porous, and others hard. He would 
lik& to know in the event of the former what provisiona 
the author had made. If they were so fortunate as to get 
the latter it would, of course, be all right. 

The President (Mr. J. H. Moore) remembered that 
when he waa a young man at college these works were just 
finished. It was about that time that the Sheffield dam 
burst, and everyone was filled with the idea of the great 
danger there was of something similar happening at 
Rouudwood, The residents along the river below the 
works claimed and were paid compensation for the damage 
that might accrue if the Vartry dam broke down. The 
dam was still there, and had not broken down yet. If 
thia new dam did burst it would carry away the first, and 
things would be in a bad way. However, he thought 
there was very little danger of either of these dams burst- 
ing, Mr. Dillon had referred to the year 1893, when 
they had an exceptionally dry season. He had gone to- 
see the reservoir, and it was practically dry, and waa a 
most extraordinary sight. It cost the Corporation a con- 
siderable sum of money, for they had to lay pipes along 
the Royal Canal from near Ashtown to bring water to 
the city. The rain came, however, before this supply 
was required, and no such scarcity had occurred since, 
Still, what had happened might happen again, and it wait 
necessary to be prepared for all emergencies. With 
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provision for storm floocia, it might seem 
excessive, but it waa scarcely fair to compare the dig* 
charge of floods in the lowlandg of Dublin and Meath 
with what might ocour up among the Wicklow Monn*- 
tains. Exception had been t-aken to the unuaual method 
of forming the overflow by what was in fact a large 
standpipe, but as it appeared that both the outlet and 
vertical shaft were to be formed in dolid roc*k ^ith only a 
mason-work rim at top, and that in this way the overflow 
would not interfere in any way with the dam, the pro- 
posed arrangement seemed to him well suited to the 
circumetaDces of the locality. 

Me. 0' Sullivan thanked the members for their appre- 
ciation of his eflorts, and said that if h© had succeeded 
in stimulating an interest in his paper it was largely due 
to the advantage of having bad the use of the lantern 
to place before them the plana- For this he said he was 
glad to have the opportunity of saying the entire credit 
was due to the Hon, Sec. (Professor Lilly). He it was 
in the flrat instance who suggeatexl the use of the lantern, 
and ho subsequently went to a great deal of trouble in the 
preparation of the various elides which had been shown. 
Were it not for the assistance he bad received from 
I*ro feasor Lilly, who had taken the matter up most 
'Warmly from the time he promised the paper ^ he would 
tave been most diffident in appearing before them 
to-night. 

Replying to the points whieh had been raised about 
the paper, he said in making the trial holes it was found 
that the rock underlying the site of the embankment was 
Cambrian slate, and as a result of an examination of all 
the trial hoies he had no reason to presume the existence 
of any geological fault. 

The concrete tongue and shoe for the puddle wall was 
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recommended hj Mr. Mansergli as a means for dealing 
with a difficulty that mig^ht arise in the construction of the 
pnddle wall. Portion of the ground on th© wefltem side 
of the valley was found to be very much water-log^d, 
and it was feared large quantities of the subsoil water 
would find itfl way into the rock excaYation during the 
progress of the works and wash away the puddle when it 
would be placed in position at the bottom of the. trench. 
It is proposed t^D place cast-iron pipes in the bottom of the 
rock trench with connections for small pipes which will 
be laid on the upper surface of the rock. The^ie pipes 
will be connected with a sump in the lowest part of the 
valley, and from thence the water will be pumped into 
a filter bed. The puddle wall will sit in the shoe^ which 
will extend half-way across the valley. 

With regard to fissures or defects in the rock, they had 
provided for this in the specification, as the contractor 
must excavate to such a depth as will effectually cut aS. 
all Beams, springs, or veins of soft material, but he 
thought very little difficulty of that kind would be likely 
to ocour. 

There are no catchment drains round the existing 
reservoir, except for a portion along the southern side, 
and it ia not proposed to construct them round the new 
reservoir; a short length of drain may be constructed 
where necessary. There are farms on the catchment 
area, but there is no greater danger now of pollution than 
there has been for years past, as theae farms have existed 
all the time. The progress of the new works will not of 
itaelf increase the danger from this source, and the 
Corporation do not intend to purchase the ground of the 
catchment ar^. 
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[6th May, 1908.] 

ANNUAL GENEEAL MEETING. 

Mr. J. H. Moore, President, in the Chair. 

ELECTION OF OFFICERS AND COUNCIL. 

The President announced that the Council had decided 
that, as an omission to comply with Clause 1 of Section V. 
of the Bye-laws had occurred, the elections would be 
postponed, and the present meeting adjourned in order 
to take the advice of counsel on the point raised. 



[6th May, 1908.] 

ORDINARY GENERAL MEETING. 

Mr. J. H. Moore, President, in the Chair. 

The following Candidates were balloted for and duly 
elected : — 

C. J. Dunn, as an Associate Member. 

J. T. Murphy, as an Associate Member. 

The Protection of Engineeering Structures from 
Lightning. 

By J. T. Jackson, Member. 

The ordinary phenomena of atmospheric electricity are 
amongst the least obvious in nature. There is but little 
to call attention to them, and their manifestations are only 
to be detected by the use of delicate instruments. That 
the electrical potential of the air rises as we ascend above 
the surface of the earth at the rate of about 100 volts per 
yard of ascent ; that the conducting layer of rarefied air 
which lies twenty or thirty miles above the denser body 
of the lower atmosphere is at a potential of perhaps a 
million volts higher than that of the earth ; that there is 
a current of about 300 amperes flowing quietly from the 
air to the earth ; these are facts — ^but facts which might 
very easily be overlooked. But when the potential of any 
portion of the upper air rises, say to 5,000 million volts, 
while its distance from the earth diminishes to one mile, 
then the conditions of discharge are wholly changed, the 
electric stress on the air reaches the limit of about 1 lb. per 
square foot, disruption occurs, and a current of, say, 3,000 
amperes, passing for -^-q^j^-q of a second transmits one- 
sixteenth of a coulomb of electricity and liberates 50,000 
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foot tons, or 150^000 British tkemial unHs of energy, 
chiefly in the form of heat.* This euertfy it is that heats 
the air in the path of the discharge to incandescence, that 
shatters, fuses, and even volatilises badlj-conductin^ solid 
bodiea through which the discharge passes, and that, in 
brief, produces the well-known alarming and destructive 
effects of lightning* 

"With regard to the origin of atmospheric electricity, 
and, consequently, the source of the energy which is 
manifested in the thunderstorm, various theories have 
been proposed, and no theory appears to have been conclu- 
flively verified. Peuillet supposed it to he due to evapora- 
tion, YapouT rising from the sea being positively electri- 
fied. Lodge holds tJiat it is the result of wind friction, 
while J. J. Thomson considers that it may be the result 
of condensation J water vapour in the upper air condensing 
on negative electrons as nuclei, carrying them down to 

rth in rain drops, and so as it were sweeping the 
negative electricity from the air, leaving it positively 
electrified. 

But whatever theory be adopted the facts remain the 
same. We know that the upper regions of the atmosphere 
are at a much higher electric potential than the earth; 
that occasionally masses of condensing vapour (clouds) 
have their potentials very much raised, and come within 
sparking distance of the earth or of one another ; that this 
enormous electric spark is capable of doing a great deal 
of damage to life and pix)perty ; and lastly, what is most 
important from our present point of view, that it is pos- 
sible, by a suitably arranged system of metallic conduc- 
tors, to secure for a given structure any desired degree of 
protection from injuiy by lightuiiiy:, 

* Tlie above fig ares are, of course, only very roughly appro Kimate ; tbey 
give, however, an idea of the order of magnitude of the quantities involveil 
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The obvious methods, then, of protecting a stracture 
from the deetructive effects of lightning are : — 

1. To prevent the discharge if possible, and if this 
cannot be done, 

2. To divert the electric current by offering it an alter- 
native and easier path to earth. 

The lightning conductor aims at effecting both these 
types of protection — the first by virtue of its pointed ter- 
minals which permit of a slow or " silent " discharge that 
under certain circumstances may so far relieve the electric 
stress in the air above as to stave off the flash or disrup- 
tive discharge, and the second by offering to the disruptive 
discharge a path to earth which is easier and more direct 
than that offered by any portion of the structure to be 
protected. 

Before considering in detail the essentials of a satisfac- 
tory system of lightning protection, it is necessary to 
examine the nature of the lightning discharge a little 
more particularly. The first point to notice is that while 
the disruptive discharge can only take place through air 
which has been previously strained to the point of rupture 
this strain may have occurred — 

(A) Gradually, as where a highly-charged cloud ap- 
proaches a building until the distance between them is 
so small that discharge occurs. 

(B) Suddenly, as where a cloud the lower side of which 
is uncharged, lies over a building, and an- overlying or 
adjacent highly-charged cloud discharges to the first 
cloud, to another cloud, or to earth, suddenly transferring 
a charge to the lower portion of the cloud over the 
building.* 

♦ This distinction between lightning discharges was first pointed out by 
Sir Oliver Lodge, who distingaishes the first or gradually prepared dis- 
charge as the •' A " type of flash, and the second or sudden kind as 
the *' B " type. 
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*Wi it is evident that sharp points on a conductor may 

Ltnemely useful with the gradual or A type of electric 

strain, both by tending to avert tlie flask* and by supply- 

pg to it, if it does <iccur, a stream of air at nearly earth 

potential which will lead it to the conductor. With the 

^udden or B type of strain it is equally clear tiat points 

are useless ; there is no time for silent discharge, there is 

Kpo negatively electrified air streaming from the ix>mts to 

^Uirect the flash at the conductor. The condnctorj in fact^ 

^kiust be put in the way of the flash in order to be an 

^fcbsolute protection, and so it comes about that to com- 

■^pletely protect a building from B flashes as well as f rona A 

a large number of conductors are necessary, andj indeed, 

^Miat absolute protection is only to be had by completely 

enclosing the building in a network or cage of condxictors, 

^m It has been stated that the function of a lightning con- 

Biuctor is to dissipate the energy of the discharge, that 

consequently a conductor of moderately high resistance is 

l>etter than one of perfect conductivity, w^hich would deal 

^_^ith the energy in too sudden and rapid a manner, and so 

^fproduces a result equivalent to an explosion. t This 

appears to me to b© a somewhat mistaken view, Tbe 

■function of the conductor is, I would snbmit, not to disai- 
jjate energy itself, but to alter the place of dissipation 
from the protected building to the air above, Tte thunder- 
clap may be a little louder and the flash a little brighter 
with a tliiek copper conductor than with a fine iron one; 
but in either case the energy absorbed by the conductor is 
probably but a small fraction of the total energy of the 
Hdischarge. 
" Another important point to notice about the lightning 

•Some recent American &utititics ure Fia.icl to show that tbe effects of 
poiots in averting the li^htniug flasli is prnftU, only abotit six p«r cent, of 
tbe flashes being Btopped by the silent diacharge. 

t See preface to Report of Lightniug Research Committee, by Sir Oliver 
Lodge. 
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discharge is its oscillatory character. The quantity of 
energy stored in the strained air is very great, and it is 
not usually all dissipated in the first discharge, so that 
the electric charge as it were overshoots the mark, too 
much leaves the cloud. This excess again surges back 
irom the earth to the cloud, again charges the cloud, and 
so the flashing to and fro between cloud and earth goes 
on for perhaps a dozen oscillations until the energy of the 
flash is completely expended. The path which the flash 
will select will then be that which offers least impedence 
to the passage of an alternating current of extremely high 
frequency (say 100,000 alternations per second). It will 
be a path in which one unit of self-induction offers as 
much obstruction as 600,000 units of resistance. In brief, 
it will be as far as possible a direct path. But again, two 
parallel or diverging paths have less self-induction than 
one, and so there is a very marked tendency for lightning 
to run to earth by several paths. Furthermore, the violent 
electric surges in the path of the main discharge induce 
surges in all neighbouring conducting bodies (exactly as 
the surges in the transmitting aerial of a wireless tele- 
graphic installation induce other surges in the receiving 
aerial), and these induced discharges, while possessing 
comparatively small energy, may still be extremely dan- 
gerous either directly to life or indirectly to both life and 
property, as when they cause fire by igniting gas or other- 
wise, explode gunpowder in magazines, &c., &c. From 
these considerations it is obvious that to secure immunity 
from side flash and induced sparking all large masses of 
metal, both outside and inside a building, must be inter- 
connected and also earthed, either through the conductor 
or separately. 

The following rules and recommendations for the pro- 
tection of buildings by lightning conductors embody the 
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practieal results of these pecuHar characteriatics of the 
jlightiiiug discharge*:- — 

1, Two lightning rodsj one on each side, should ertend 
from the top of a tower, spire, or high chimney by the 
most direct course to earth. 

2. Horizontal conductors connected to all the vertical 
roda should be carried (a) along the ridge, round the roof, 
round the chimney top, &c* ; (6) round the building or at 

-or near the ground line. 

P 3. Points should project from these upper horizontal 
conductora at frequent intervals. 

4, All roof metals should be connected to the upper 
, horizontal conductors. 

5, All large masaea of metals in the interior should be 
tearthed, either directly or through the lower horizontal 
' conductor. 

6, The point of th© upper terminal should not be sharp ; 
[iut a little below it three or more sharp copper points 

should project from a ring attached to the terminaL 

T. Chimneys and orificea from which ste^m or heated air 
escape should receive special attention. I'actory chim- 
neys should have a copper band running round the top and 
a series of stout copper points, about one foot long, project- 
ing at intervals of about three feet either from this band 
or from a copper bar bent archwise over the chimney. 

8. The rod should not be insulated, but should be 
ittached by Holdfasta of the same metal as the rod. 

9. Ail sharp curves, angles, and bends should be 
avoided. The rods should be brought to earth by the most 
direct course possible. 

10. It is better to put rods on the sides of a building that 
ire most exposed to rain. 

* Mainly taken from the Reports of the Liglitiimg Eod Conferenoe 
<lBa2) and the Lightning ResBai-ch Committee (1905). 
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11. The material of the conductor may be either copper 
or iron,* in the form of tape, rope, or rod. For main con- 
ductors copper weighing at least six ounces per foot run, 
or iron weighing 2J lbs. should be used. Subsidiary con- 
ductors may be considerably lighter. 

12. Copper need not be painted, but iron should be 
galvanised and painted. 

13. In manufacturing districts, near the sen, or where 
liable to be exposed to {he action of corrosive vapours, the 
use of iron is inexpedient.* 

14. It is absolutely essential that the lower end of the 
conductor shall be effectively earthed by giving it a suffi- 
cient area of contact (about 18 square feet) with per- 
manently damp soil. This may be effected — 

(a) By solderingt the end of the conductor to a plate of 
the same metal, size 3ft. by 3ft., and at least one- 
sixteenth inch thick (the soldered joint to be well 
protected from corrosion), or by folding backwards 
and forwards in gridiron form a length of the con- 
ductor sufficient to expoee the necessary surface 
area and burying the plate or grid surrounded by 
charcoal or broken-up ends of arc light rods at a 
depth sufficient to secure permanently moist earth. 

(6) By laying a long length of the conductor (sufficient 
to expose 18 square feet surface) in a trench and 
covering with charcoal, cinders, or coke before 
filling in. 

(c) By the use of a " tubular earth," which consists of 

* Aluminium, owing to its high conductivity, high apeciiic heat and 
great permanence, ought to he an excellent material for condnctors. 

t Soldering is recommended hy the Lightning Bod Conference. The 
War Department practice is to rivet the conductor (1" x J" copper tape) 
to the earth plate, while the Irish Lights practice is to separate the 
strands of copper tape strand, 1^" copper rope conductor, and lace the 
strands through a nnmber of holes in the earth plate. Both these 
methods avoid the use of solder, and so the joints are less liable to injury 
by electrolytic action. There is, of course, a sacrifice of conductivity, bat 
the greater permanence probably justifies it. 
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a strong perforated steel tube, about two iocbeg 
diameter, furnislied with a sharp spike. The tube 
is driven down by a hamnaer or mallet, and lengths 
are added till permanently maist ground is reached. 
The conductor is threxided through the tube and 
packed round with granulated charcoaL 
{d) By joining to a gas or wat^r main (not to a lead 

pipe), 
16- Arrangements should be made to lead a supply ol 
rain water into the pit, trench, or tube forming the earth 
in (a), {b)j or (c), so as to ensure a thoroughly moiat earth. 
16. It is a good plan to make the conductor bifurcate 
below the ground and t^> use two of the above types of 
earth* 

IT* In the ease of buildings near the sea, where the 
conductor can convenientiy be led to the sea or into shingle 
or sand below sea level, an area of B^ve or six square feet 
of earth plate is sufficient. 

The main consideration in the matter of lightning pro- 
tection is, after all, one of expense. It is, in fact, a ques- 
tion of insurance, and the proper amount of protection to 
be afiorded to a given structure can only be decided by 
I considering the following points: — 

1. The liability of th^ structure to lightning stroke, 

2. The probable extent of the damage if struck in the 
unprotected state. 

3. The probable extent to which this damage would be 
^diminished by various systems of protection, 

^k 4* The costs of these systems of protection. 

^B Structures peculiarly liable to be struck by lightning are 

^'those erected on high ground or on wet ground, and which 

tower high above surrounding objects, such as churches, 

factory chimneys, lofty stores, lighthouses, ships, &e. ; 

also metallic atructures- which extend continuousiy for a 
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great distance horizontally, as overhead cables and wires, 
telegraph lines, rails, long lines of iron fence, &c. 

The extent of the damage if a structure is struck by 
lightning will depend on the shape, material, cost, and 
use of the structure. Thus, lofty erections are more liable 
to suffer greater injury than lower ones, as the path of the 
discharge to earth is longer, and injury to the lower 
portions may be caused by the fall of the upper portions. 
Iron structures are practically safe from direct injury, but 
it is important to consider what will happen when the dis- 
charge leaves the structure, as much harm may be done 
then. Thus, an iron tower or bridge may have its foun- 
dations seriously shaken and disturbed. The use to which 
the structure is put is also important. For instance, a 
powder magazine or powder mill can hardly be too well 
protected — the consequences of even the smallest side- 
flash may be so serious. Again, the head-gear of a colliery 
should be earthed, as explosions of firedamp have occurred 
through lightning flashes being conducted down the 
winding-rope. 

With the increasing use of ferro-concrete for engineer- 
ing and architectural purposes the question of the possible 
effects of lightning on structures of this material becomes 
important. It is evident that so long as there is good 
metallic contact between the steel bars in the outer 
portions of the structure no injury can occur save where the 
discharge enters and leaves the steelwork. The injury at 
the point of entry would probably be comparatively small 
and easily repaired; but at the point of exit the founda- 
tions might be injured, and so it would appear in general 
that while no overground external conductors would be 
necessary on such structures it would in most cases be 
advisable to thoroughly earth the steelwork. 

The question of affording partial protection at a very 
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small cost is one which has received far too little attention, 
TKe dietiLoi that a faulty conductor is worse than nseless — 
XI statement which has no foundation either in theory or 
experience — is prohublj to a great extent responsible for 
this. It appears to be a natural consequence of the 
equally erroneous statement that lightning^ conductors. 
attract lightning — i.e., that buildings fitted with con- 
ductors are more likely to be struck than had they not 
been so fitted (see footnote). There is no doubt but that a 
large degree of protection may be afforded to a building by 
a system of conductors in which the vertical rods are 
galvanised iron wire no thicker than ordinary telegraph 
wire,* and the upper horizontal connections are simply 
ordinary barbed fencing- wire. If such conductors are 
destroyed by a flash they will have served their purpose 
before their destruction. 



Mr. M. Ruddle said their thanks were due to the 
author for his paper and the very concise form in which 
he had given them so much information on the subject. 
Personally he had not very much to do with the subject 
in recent yearg^ but some twenty -five years ago he had 
to consider the question of preventing damage to buildinga 
from lightnings and ns far as he could see there was very 
little change in the methods adopted then, and there had 
been very few improvements in the lapse of years. He 
noticed throughout the paper that the author adopted the 
popular view that buildings are "struck" by lightning. 
In some eases that might be aOj but he thought that the 
result of investigations had shown that in the majority 
of instances the damage occurred from the disruptive 
discharges from the ground to the clouds. When the 
phenomenon does occur it is generally very difficult to. 

* B«e liOdge'a Lightning Conductors and Lightning Guards, page 209. 
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investigate it on account of the damage which generally 
occurred on the path of the discharge, destroying the 
evidence of the previous facts bf the installation, and as 
a rule people were not called in to inquire into the cause 
of the accident until some time after it happened, when 
very often it was too late to hold a proper investigation. 
The author, in a very off-hand way, had spoken of 
the potential of the upper air rising to 5,000 million 
volts. This was rather vague, but he did not consider 
it was of much importance, and the main point to 
consider was how far protection could be afforded to 
buildings, &c. The difficulty in dealing with most cases 
was to decide whether the damage was caused by the 
discharge from the earth or from the clouds. He 
thought from the fact o? the form of lightning conductors 
which were in use, and which were thought to give the 
best protection from damages, showed that in the 
majority of instances the discharge was from the ground. 
Lightning conductors generally terminate in one or two 
points, usually made as sharp as possible, and by these 
the silent discharge of any accumulation in the ground 
is achieved. So far as he had been able to gather, if the 
discharge of any potential energy from a cloud earth- 
ward took place no lightning conductor so-called could 
protect that building, because the amount of energy in 
the flash would be too great for any ordinary conductor 
that is in general use to carry off. 

With reference to iron buildings he had known iron 
buildings that had been struck and had seen an iron 
chimney that had been cut in two as if it had been sawn. 
In this case, so far as could be ascertained, the founda- 
tion piles ended in damp soil and were an effective earth. 

It was extremely difficult to formulate or reproduce the 
actual conditions which took place, and until that could 
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be dane it was only by experimental installations on 
buildings, and waiting, perhaps, for years to get the 
results, that they could come to any approximation of the 
best way to protect buildings, 

The author had said that American statistics were said 
to show that the effects of points in averting the 
lightning flash was small, only about 6 per cent, of the 
flashes being stopped by the silent discharge. Well, 
American statistics was a very wide term, America was 
a vast country* where there was a very large variation of 
subsoiL In some places they would find large metallie 
deposits and in other places dry sand and clay. When 
they wanted to consider the question of protection these 
things had to be taken into account. 

■ It was found in a general experimental way that the 
only method of effecting a silent discharge was to have a 
large number of fine points. With reference to what the 
author had said about the side fiash and its effect on large 

■nasses of metal inside and outside a building he had 
tnowu cases where large masses of machinery inside a 
building were not connected to the lightning conductor, 
though only separated by a brick wall eighteen inches- 
thick, and no damage resultedj though the conductor waa 
destroyed, and he had known other cases in which large 
masses of machinery inside a building were earthed with 
strips of copper of one inch by one-eighth inch section 

^K^d damage resulted. It was very difficult to say which 
was the moat efi'ective plan. 

The recommendations of the Lightning Eesearch Com- 
mittee were very elaborate. He remembered some years 
ago hearing a learned professor in a very large college 
giving an elaborate lecture on the subject, and one of his 
strong points was that the lightiiing conductors should 
not be insulated. After the lecture, when leaving the 

K 
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building, he noticed, in close proximity to the room where 
they had been, that there was a lightning conductor which 
was very carefully insulated and carried by the most 
devious paths along the moulding of the brickwork. He 
isuggested that this was hardly in keeping with the 
previous lecture, but the professor did not attempt to 
defend it. 

Many kinds of lightning conductors were used on 
various buildings and chimneys, but he thought the most 
suitable was copper tape of one inch by one^eighth inch 
or one and a half inch by one-fourth inch. It was 
least affected by the corrosion which was continually 
going on. 

With regard to the terminal plate in the ground and 
any joints that were necessary to make to the conductor, 
he thought it was most essential that the conductor should 
be well riveted to the earth-plate and, if possible, brazed, 
so as to have a clean contact. Soldered joints had been 
suggested, but these were likely to set up a galvanic 
action ; however, he had tried them on various terminals 
and nothing serious occurred. It was also very easy to 
protect these joints by coating the junction with pitch. 

He thought it would not be good practice to join rope 
conductors in the manner mentioned by the author. That 
was to separate the strands and join them singly to the 
plate. If they did so, the amount of cross-section of the 
strands was so small that there would be greater danger 
of them corroding away. 

With regard to what the author had said about the 
protection of f erro-concrete buildings, he did not agree 
with his statement that " It was evident that so long as 
there was good metallic contact between the steel bars in 
the outer portions of the structure no injury can occur 
save where the discharge enters and leaves the steel 



STKrCTUBES THOM I,IGHTWTNO, 



135 



work." He considered no building would he 'safe if it 

^depended on fliig without proiriding a suitable randiTctor ; 

Kbut whether they should also join the steel fram^ to the 

■conductor or not was an open question. He thought they 

were not going to get protection from discharge, but they 

were going to have the best conditions of disposing of it 

through the conductors from these points. 

With reference to the suggestion that some degree of 

■safety might be afforded to a building by the use of several 

^galvanised iron wires, he thought that they would not 

last veiy long or be very safe. He was not in favour of 

^Eron because of the difficulty of making good joints in the 

various sections of conductor and earth-plate. 

Mr. P, Sheabikiwn said the paper was an interesting 
one, but the author had made statements which could not 
be put to practical test for verification on account of the 
danger attending experiments to ascertain the differences 

I that existed in the upper and lower stratums of the air. 
I The paper was a mixture of theory and practice — the 
|?eBults in practice not always bearing out the correctness 
■of the theory. The author had told them that the amount 
of electricity in the average lightning discharge was 
about one-sixteenth of a coulomb. It might be interest- 
Hkig to know that in a 25 candle-power incandescent lamp 
^Hhe amount of current passing on a 100 volt circuit was 
H^bout one ampere or one coulomb per second; therefore, 
Bthe electricity passing in the lightning discharge was 
about one-sixteenth of the amount of electricity that 
passed through a 25 candle-power electric lamp per 
second when working on 100 volts ; but the electrical power 
was the product of the flow of current multiplied by the 
difference of potential or pressure which caused it to flow, 
^S^he amount of electricity mentioned by the author was 
Brery small, but it was stated that the pressure under 
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which it worked was somewhere about 5,000 million volts. 
This was a much larger pressure, of course, than had ever 
been obtained in practical working. The highest 
pressure he had heard of was in California, where it was 
stated they had attained a pressure of something like 
100,000 volts. 

He thought the author might have told them more 
about the results that had been obtained in practice with 
lightning conductors. With regard to lightning con- 
ductors he thought that they were required to work 
under two quite separate sets of conditions. Lightning 
arresters might discharge the electricity from the upper 
stratus of the air to the earth, and so tend to equalise the 
potential by passing a continuous stream of current and 
preventing the excessive rise of potential of the clouds 
immediately above the building to be protected, or, in 
other words, might be useful in obviating the flash of 
lightning taking place, and undoubtedly they were very 
useful under these conditions. The second function they 
were expected to perform was to safely carry to earth the 
lightning flash which was discharged towards the 
building, and it is problematic as to what the eflSciency 
of the ordinary lightning conductor was under these con- 
ditions. In designing a lightning conductor for the first 
set of conditions one of the most essential features would 
be to have the lowest possible conductivity ; but in the 
case of a lightning discharge this has been proved to takfr 
place in the form of a rapidly-oscillating current, and, 
under these conditions, it was more important to keep the 
self-induction as low as possible — the resistance of the 
path being of little consequence. 

The author had suggested various forms in which the 
lightning conductor could be made, but theoretically the 
speaker thought with regard to lightning discharges: 
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le proper form for the conductor to take would be that 
of a tube, owing to the fact that with th& rapidly- oscillat- 
ing current the internal part of a self^con due ting rod 
seemed ta he of little use for the passage of the electric 
current. 
H Me. W. Tatlow said the author had told them somo 
^very interesting things in his paper. It was a pity they 
were unable to tap the very large quantity of electrical 
energy that was thirty miles up in the air. If they were 
able to get some of this energy they might be able to turn 
Kit to some nseful purpose. But if they did succeed in 
tapping it they might possibly change the climatic eon- 

kditions of the country round about them. 
He thought there should be some standard set of rules 
recognised for the time being as the best for lightning 
conductors. At one time he erected a lightning conductor 
for a gentleman, who was very much annoyed because 
insulators w-ere not used, and he was unable to refer him 
to any set of rules to decide the matter. 

He thought that conductors should be occasionally 

inspected. He did not agree with what the author said 

H about bad conductors not being useless. He considered 

^■they might be very much worse than useless. He 

1^ remembered a case where a couduetor led into- the sea. 

It was protecting a very important building. He 

happened to observe the terminal at low water and found 

it had been corroded away at the lower part, and did not 

reach the water at low tide. 

He had difficulty in believing the generally accepted 
theory that a lightning discharge was of the nature of a 
high-frequency oscillation, such as is used in wireless 
telegraphy, as the resistance within the cloud, through 
the mass of which the charge is distributed, must be 
very great, a thunder-cloud being quite different from an 
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ordinary charged metallic conductor in this respect. He 
was more inclined to think a flash might be composed of a 
rapid succession of uni-directional discharges following 
the same path. 

With regard to the earthing of a lightning conductor, ' 
it, no doubt, was a very important matter. Telegraphic 
engineers working in the West of Ireland found it hard 
to get good earths in some parts on account of the high 
resistance of the limestone. He had heard that the area 
of the plate was not the most important matter with 
regard to earthing in the case of wireless telegraphy. It 
was a large amou^t of edge that was preferred. For this 
reason strips were used instead of plate, because by that 
means a greater amount of edge was obtained. 

Electrical engineers had to deal with another matter in 
the protection of overhead lines, and for this purpose had 
to use arresters which would stop the working current 
from continuing to flow to earth after the lightning 
discharge was disposed of. He would like the author to 
explain why structures on wet ground were more liable 
to be struck than those on dry ground. 

He thought that lightning discharges often struck con- 
ductors and went to the earth without doing any very 
serious damage. He was quite sure a great many chimneys 
in exposed places were frequently struck, and the chimneys 
were there to the present day. He could not help think- 
ing that chimneys two hundred or three hundred feet in 
height were often struck and not seriously affected, 
though according to Mr. Ruddle's theory they would 
have been destroyed. 

Mr. L. J. KettlS said lightning was a subject which 
possessed attractions of one kind or another for the average 
citizen, whether he were an engineer or not. The n 
question of ligrhtning conductors and of protection against 
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iamage by lightning had not, however, a& yet succi^eded 
in arousing any undue enthusiasm amongst architecturai 
eugineera in this country. Moat architects eeemed to 
think that a church steeple or a fact 017 chimney might be 
the better for a strip of copper run up it, but that it 
would be sheer waste of good material to fix these copper 
ornamentH on any ordinary strueture. There was con- 
siderable justification for thk attitude of mind. The 
insurance companies did not care fourpence whether a 
house had lightning conductors or not. If they offered 

KEy reductions in the premium rates when conductors 
were fitted the question would be immediately and 
generally taken up, for it would then be placed on an 
obviously sound financial basis instead of the present 
interesting, if somewhat nebulouSj scientific one. The 
insurance companies, not being generally of a philan- 
thropic turn of mind, had presumably good grounds for 

Bheir attitude. They had apparently found either that 

■lamage by lightning in these countries is so rare as to be 
J)ractically negligible, or that lightning conductors did 
not form an adequate protection. 

H« In this connection he would be glad if Mr. Jackson 
would give them some statistical justification for the u?ie 
of lightning conductors in this country. The Lightning 
Research Committee had published a record of instances 
of lightniug strokes in Ireland and Great Britain. If he 
recollected rightly, the lightning was fairly impartial in 
its selection of victims, and did not discriminate much 
in favour of protected structures — in fact, the unprotected 

Hkructures seemed to have had rather the better of it* Mr, 
Jackson said American experience had shown that the 
silent discbarge action of lightning conductors formed 
practically no protection against the ** A " flash, and, of 
coiirse, a lightning conductor was no safeguard against 
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the " B " flash. This was borne out by Continental 
experience, so that the only advantage of lightning- con- 
ductors was that the lightning — when it had struck — ^was 
led to earth without doing so much damage as it otherwise 
might. This might be a considerable consideration where 
lightning strokes were common. 

When fixing a conductor one could not do much better 
than follow Mr. Jackson's advice. Mr. Jackson had 
suggested aluminium as a metal suitable for lightning 
conductors. This metal had several properties which 
would render it useful for the purpose, but considerable 
difficulty would be experienced in making efficient joints 
between the numerous wires. A satisfactory solder for 
aluminium had yet to be found and other methods of joint- 
ing, such as electric welding, would prove rather expensive. 

With regard to the size of the strip employed for 
lightning conductors, Mr. Jackson was apparently under 
a misapprehension as to why Lodge and the Lightning 
Research Committee advised the use of conductors of a 
comparatively small cross-sectional area. With a light- 
ning discharge the ohmic resistance of the conductor 
counted for very little, and, therefore, the cross-sectional 
area was of small moment. The choking effect, due to 
inductance, even in a straight wire, was, on the other 
hand, very great at the high-frequency of a lightning 
discharge. This choking effect tended to make the dis- 
charge side-flash instead of following the conductor. The 
greater the cross-sectional area of the conductor the 
greater was the tendency to side-flash and the greater the 
possibility of damage to the structure. The Lightning 
Research Committee stated in their report that — " The 
conductivity of the conductor is absolutely unimportant 
except that high conductivity increases the surges and 
side-flashes, and, therefore, is positively objectionable." 
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Mr. Jackson had included overhead tranamigsion lines 
in his list of engineering structures. The protection of 
such lines was a veiy different subject from the protection 
of ordinarj buildings, and the lightning conductors dis- 
cussed in the paper would not be at all applicnble. The 
suhject could not be adequately treated in a discussion on 
lightning condiictors. Suffice it to aay that the object 
was not at all m much the protection of the transmission 
lines as the protection of the electrical apparatus connected 
to them. 

L A general conclusion that could be drawn from all 
investigations on the subject of lightning conductors was 
that no system of conductors could avert a lightning 
itroke, and that the only function served by the conductor 
was to occasionally les^n the damage. Lightning dis- 
charges were, however, so uncertain and freakish in their 
action that very often the conductor did not even serve this 
function. After all, there eeemed to be a good deal in 
favour of the view of the people who considered that pray- 
ing and the ringing of bells was a much more efficient 
^fegnard against lightning than the most elaborate and 

pcientific arrangement of conductors. In the matter of 
praying it might, however, be well to exercise a certain 
wise discretion if they were to judge from a story that 
came to them — it was hardly necessary to say — from 
America, It appenred that in n town in Pennsylvania 
the erection of a brewery was started notwithstanding the 
vigorous protests of a local pastor. Having exhausted all 
other methods of opposition and obstruction to no puq>ose, 
le clergyman waited until the building was nearing 

^completion, and then offered public prayers that the 
brewery might be struck by lightning. Two days later 
the brewery was struck by lightning and demolished. 

The owner promptly took an action for damages against 



142 PBOTECTION OF ENGINEERING 

the clergyman, but he regretted to state that a jury of his 
fellow-citizens showed by their verdict that they had 
a lamentable lack of confidence in the eflScacy of the 
reverend gentleman's prayers. 

Mr. G. Marshall Harris said he agreed with Mr. 
Euddle that no conductor put upon a building will 
entirely protect it against a direct lightning stroke. It 
did not matter whether it was made of copper or iron. 
He believed Ihat when the lightning discharge occurred 
that owing to its enormously high potential it broke 
through everything opposed to its direct path, and owing 
to its extremely high periodicity and consequent high 
inductive effect it could not be relied upon to travel over 
even short, straight lengths of wire. 

Mr. Ruddle had referred to buildings having apparently 
been struck from the ground. He would rather think 
that buildings showing these symptoms had been damaged 
not by the main discharge but by its after effects. When 
the clouds, or any great portion of them, became charged 
with electricity of one particular sign such a charge 
induced a similar one, but of opposite sign, wherever it 
could do so, and when the conditions were such that the 
most convenient place was upon a portion of the earth, 
that portion, including the buildings and the people and 
animals standing upon it, got filled with this induced 
charge, which gradually heaped up until a discharge, or, 
he would prefer to say, an interchange, was effected, 
because he believed that electricity passed both ways until 
matters were equalised. 

When this interchange was effected in one stroke all 
the attraction, or whatever it might be, that had heaped 
up the induced charge, and held it, was suddenly removed, 
and the body that was filled with it then took up the 
position in respect to the earth that the cloud had 
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formerly held. Assuming such a state of affairs, it was 
easy to explain damage- to buildings and people, &c., that 
have been injured apparently from the ground— if we 
assume that at the instant of the interchange frnm above,, 
their contact with the earth was eleetricully a poor one. 

Yiewed in this way all Mr. Jackaon'a recommendations 
appeared to be the best, because the aim is to keep the 
building in good contact with the earth and not poorly 
insulated. 

Mr. M, Purcell said, with reg-ard to the qiiestion of 
the earth discharge he remembered a ease that occurred 
in Wigan a few years ago, when there was a heavy 
thunder-cloud; there was no discharge from the 
C'lcrads, but there was one from the earth which wrecked 
the cellar portion of a house and injured some of Hke 
people in it, A brother of his, who was in charge of some 
large engineering works in California, and had some very 
l>ig installations under his care, told him that he had 
6ome very large quantities of naked wires, with arresters 
all along the system. With regard to the structures out 
there some of them were made entirely of iron, and they 
made the earth connection from the building to a 
Ttinniog stream where it was possible, and found the 
results veiy satisfactory. Where no streams were 
adjacent to the structures they planted trees (pines for 
choice) within a radius of f30 yards of the buildings. 
These trees took the direct discharge from the thunder- 
<:?louds passing over them. 

The PREsroENT (Mr. J. H. Moore) said that on reading 
the paper it appeared to him that veri-^ little more seemed 
to be known about lightning now than was given in the 
text-books of forty years ago, when he was in college. 
The figures the author had given them as to the quantity 
and tension of the electricity in a discharge did not 
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appear to be of much practical utility, and some explana- 
tion was wanted aa to how they were arrived at. It i^as 
very rarely that anyone was killed by lightning in 
Ireland, though about two years ago several head of cattle 
were killed near Duleek — probably by the return shock- 
A few years ago be had put up a conductor on St. George's 
steeple, which had not been provided with one before, 
Ijecause, after examination, he had come to the concln- 
sion that the spire had been struck: by lightning. The 
■conductor was a strip of copper, and had been brought 
-down inside the biiilding to damp earth in the cellars. 
For this he had been severely criticised, but no damage 
had been done by lightning since. lie thought such an 
urray of conductors as was recommended in the paper 
could hardly be nece^saiy, and that with conductors as 
usually put up they were practically safe in this country m 
from danger by lightning. " 

Mr. Jackson, in reply, said, with regard to what Mr. Ruddla 
had said about the direction of the lightning discharge being 
upward, of course it depended on how we defined or deter*' 
mined the direction of the discharge. Certainly the displace' 
ment of matter due to the electric discharge always ocquttb^ 
upwards and outwards, because it was less resisted in the&^ 
iliiections. As to whether the disruption usually began a.^ 
the earth end or cloud end of a fiash he would not like it:^ 
express an opinion, but in any case the break down wa^ 
practically instantaneous over the whole path of the flash - 
Sometimes a flash appeared to travel from earth to sky, some- 
times the other way, but this was an optical delusion due to 
the fact that some portions of the retina of the eye were more 
^sensitive than others. But adopting the conventional view^, 
that the direction of the discharge is from the place of high 
(or positive) potential to the place of low for negative) 
potential, he thought that in the great majority of cases th» 
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irection of the initial discharge was from the cloud down- 
wards. 

With reference to Mr. Sheardown's observation, that the 
theoretically correct form for a lightning conductor was a. 
tube, there are considerations of architectural effect (on 
account of greater size), of flexibility, and of ccst, all in favour 
of the use of solid conductors, while the central part of the 
rod, although its conducting power was cf no value, still 
served a very useful purpose in serving to increase the heat 

^ capacity of the conductor, and ao prevent fusion. 

^ Eegarding Mr. Tatlows suggestion, that the resistance 
within a thunder-cloud might be so great as to prevent the 
possibihty of an oscillatory discharge, he thought that the 
resistance in the path of the initial discharge was so much 
diminished by the effects of the passage of that discharge 

Hthat oscillation was possible in the majority of cases. Probably 
the reason why structures on wet ground were more liable 
to be struck by hghtuiug than those on dry ground * was 
that the sudden surge of electricity in the ground, which 
occurred consequent on an A flash and preparatory to a B 
flash, passed more readily through wet ground, and so B 
flashes occurred more frequently there. 

^ With regard to the need for a standard set of rules, the 
rules, as arranged by the liightning Rod Conference of 1882, 
and revised by the X-ightning Research Committee in 1905 
(see Appendix), certainly would seem to satisfy this need, 

f In reply to Mr, Kettle, British insurance companies do not 
make any reductions in premium rates on buildings fitted 
with hghtning conductors, but some Continental companies 
make very considerable reductions — for instance^ in Schleswig- 
Holstein, reductions are made of from 5 per cent, on slated 

^ dwellinghousea to 50 per cent, on churches. 

* In Marcl^, 1905, the second pyramid oi Gkizeli was struck by lightning. 
This m the fifst recorded instance of any of the pyramids having been 
siruGk-^NuiuT^i Vol 71. 1905. 
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Mr. Harris's remarks are valuable. His explanation of 
injury to buildings, &c., as being frequently due to the so- 
called return shock is no doubt quite correct. The cause of 
the return shock is, however, hardly to be found in electro- 
static attraction. The phenomena are much more likely to 
be due chiefly to electro-magnetic surges, the return shock 
being indeed a sort of remote side flash. 

Mr. Purcell's account of an earth discharge, unaccompanied 
by any cloud discharge, is interesting. Three such cases are 
described by Sir OUver Lodge,* who regards the damage as 
due to a surge in, and splash from, some long conductor such 
as a water or gas pipe, the surge being due to a flash from 
cloud to earth occurring at some distance away. 

In reply to the President's remarks, the figures given had 
been arrived at by observation, experiment and calculation. 
Thus, the length of a flash has been frequently observed, 
and a mile is a very usual length (flashes have been observed 
of several miles in length, one is said to have been noticed 
about seven miles long). The voltage is calculated from the 
length of the flash and the experimental result that it requires 
about 75,000 volts to break through one inch of air. The 
frequency is determined from the calculated self-inductance 
of the path and the estimated capacity of the portion of cloud 
discharged ; and the magnitude of the current which passes, also 
calculated from these quantities and the voltage, is verified 
by seeing that it is capable of fusing wires that are known to 
be fused, and not capable of fusing wires that are known not 
to be fused. 



* Lightning Conductors and Lightning Guards, p. 134, e^ seq. 
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JE^TIRAL MEETING OP CORPORATE MEMBERS, 

Ms. J. H. MooHE, President, in tlie Chair, 

Business : — 
To alter Bje-lawa, Section Y., Clauae 1, which now 
Bads: — 

Section T, — Election of Council and Officers. 
1. At the Ordinary General Meeting in April the 
Council shall present a list of persons whom they nominate 
as snitahle for the offices ol President, Yice-Presidenta, 
Honorary Secretary j and eight other elective Members of 
Council, for the ensuing year. This list shall have a 
surplus of at least four names, and shall be the balloting 
list for the election at the Annual General Meeting in 
May; 
so that Clause 1 shall in futufe read: — 

(Section T- — Election of Council and Officers, 
1. At the Ordinary General Meeting nest preceding the 
Annual General Meeting, or at any adjournment thereof , 
the Council shall present a list of persons whom they 
nomiuate as suitable for the offices of President, Yice- 
Presidents, Honorary Secretary, and eight other elective 
Members of Council for the ensuing year. Thia list shall 
have a surplus of at least four names, and shall be the 
balloting list for the election at the Annual General 
Meeting in May. 

( Resolution proposed by The Pkbsibent, 
Seconded hj Mr, J, H. Haegrave, and carried, 
" That Section Y,, Clause 1, of the Bye-laws be, and the 
same is hereby , varied by substituting for the words:-- 

* At the Ordinary General Meeting iu April/ 
the words — 

■ * At the Ordinary General Meeting next preceding the 
Annual General Meeting, or at any adjournment 
lereof / " 




[29th May, 1908.] 

ADJOXJENED ORDINARY GENERAL MEETING. 

Mr. J. H. Moore, President, in the Chair. 

The list of persons nominated by the Council as suit- 
able for the offices of President, Vice-Presidents, 
Honorary Secretary, and Members of Council' was pre- 
sented to the Meeting. 



[29th May, 1908.] 

adjotirjS^ed annual general meeting. 

Mr. J. H. Moore, President, in the Chair. 

The Report of C!ouncil for the Session was read to the 
meeting, as also was the audited statement of accounts 
for the year 1907. 

The following were balloted for and duly elected to be 
the Officers of the Institution for the Session 1908-9 : — 

President : 
Joseph H. Moore. 

Vice-Presidents : 
G. M. Ross and P. C. Cowan. 

Members of Council : 
C. H. Ashworth, J. M. Batchen, F. Bergin, W. Collen, 
J. H. Hargrave, P. H. McCarthy, Mark Ruddle, and 
P. A. H. Shaw. 

Hon. Secretary : 
Walter E. Lilly. 

Hon, Treasurer : 
J. H. Ryan. 



REPORT OF COUNCIL FOR THE SESSION 
1907-8. 



The Council, in presenting their Report on the work 
accomplished during the Seventy-fourth Session, are 
pleased to be able to note a continuance of its prosperity. 
The roll has been added to during the Session by the 
election of 6 Members, 9 Associate Members, and 1 
Associate. 

The numbers of Members, &c., at the close of the 
Session (allowing for deaths and resignations), as con- 
trasted with the previous one, are : — 



1907-8 - 


176 


1905-6 - 


171 



Associate 
Members 



Associates 

96 45 



91 49 

The Council note with satisfaction the increase in the 
roll, and of the usefulness of the Institution to the pro- 
fession in Ireland. 

During the past year the rooms occupied by the 
Hospitals' Board were renovated and refurnished. The 
Annual Dinner was held on the 3rd of March at the 
Shelboume Hotel, and was the occasion of a represen- 
tative gathering. 

The President has presented two books to the Library. 
Mr. T. F. Pigot, Past-President, has presented several 
volumes of drawings of the " Ecole Imperiale des Fonts et 
Chaussees de Paris," as well as a suitable cabinet in which to 
preserve same. 

The papers contributed by Members during the Se^ion 



REPOET OF COri^CTL. 



have Bot been as numerous as usual. MemWrs will note 
that the Comicil will be pleased to consider euitabl© 
papers. The attention of the Counf^il having been drawn 
to an omiaeion to read at the April meeting the List of 
Proposed Members of Council, it was found necessaryj 
acting upon the advice of Counsel', to recommend a slight 
alteration in the wording of the Bye4awB, Section T., 
Clause I., which was duly confirmed at a Special Meeting 
convened for that purpote. 

B The Council* note, with regret, the decease of the 
following Members of the Institution: — 

William Fawcett Gilcrieat, William Spence, and 

^Charles E. Martin. 

^ The following are Ihe Papers read before the Institution 
during the Session 1907-8: — 

IK^ovember 6th, 1907. — Inaugural Address. By the 
President. 
December 4th, 1907.—^* The Quebec Bridge Disaster.'' 
By W* E, Lilly, D.Sc, Meniber. 
January 8th, 1908.— ** Trinidad Lake Asphalt." By 
M. W. Foley, Associate llemher. 
February 5th, 1908.— *' Kildare and other Sewerage 

Works/* By F. Bergin, Member. 
April Ist, 1908,—'* A Short Description of the Works in 
Connection with the Proposed Additional Storage 
Heaervoir at Houndwood, Co, Wicklow, for the Cor- 
poration of Dublin/* By J. G. 0' Sullivan, Member. 
Hay 6th, 1908.— *' The Protection of Engineering 
Structures from Lightning/* By J. T. Jackson, 
Member. 
The following Medals and Premiums were awarded by 
-the Council : — 

Mullin^s Gold Medal to G. T. M'Caw, Member, for hie 
Paper on " The Progress of Geodesy/* 
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In making the awards, some Papers, of hi^h merit, by 
Members of the Council were not, in accordance with a 
resolution of the Council', considered. 

The marked thanks of the Council were accorded to— 
J. H. Hargrave, Member, for his Paper on " Railway 

Signalling and Interlocking." 
W. E. Lilly, Member, for his Paper on "The Quebec 

Bridge Disaster." 
F. Bergin, Member, for his Paper on " Kildare and otter 

Sewerage." 
M. W. Foley, Associate Member, for his Paper oe 

" Trinidad Lake Asphalt." 
J. T. Jack^n, Member, for his Paper on " The Protection 

of Engineering Structures from Lightning." 



ADDITOKS' REPORT FOR 1907. 



Trinity Chambers, 40 & 41 Dame-street, 
Dublin, January nth, 1908. 

THE COUNCIL OP THE INSTITUTION OF CIVIL ENGINEERS OF 
IRELAND, 35 DAWSON-STREET, DUBLIN. 

Gentlemen, 

We have audited the Books aad Accounts for the 
year ended 31st December, 1907, and send you annexed 
hereto Revenue Account and Balance Sheet made up in 
the usual form. 

REVENUE ACCOUNT. 

The Revenue Account shows that the Expenditure ex- 
ceeded the Income by the sum of £272 13s. lid. This 
deficiency appears to be the result of extra expenditure in 
respect of printing, the reason of this being that it was 
found necessary in the year 1907 to print the Proceedings 
of the Institution for two years. 

You will remember that in the months of March and 
April last year we made a thorough investigation of the 
affairs of the Society as regards Entrance Fees and Sub- 
scriptions, and, acting under your instructions, circularised 
the Members and collected all the arrears, so far as possible, 
and, as we made full reports to you on the subject at the 
time, there is no need for us to enter into this again, further 
than to say that, with one exception, all the old arrears 
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Tiave now been collected. There are still, however, some 
Subscriptions outstanding for the year 1907, and these are 
fully set out in the Register of Members. 

BALANCE SHEET. 

The Assets, exclusive of the Premises, upon which no 
valuation is placed in your Accounts, amouat to £1,565 
16s. 2d. These include certain Government Stocks, 
valued at par, and we think you should consider whether 
these ought not to be written down to their present market 
value. We have verified the existence of these Securities 
in the usual way by a certificate from the Bank of Ireland. 
Turning to the other side of the Balance Sheet, the 
Liabilities amoimt to £273 19s. 7d., leaving a surplus of 
£1,291 16s. 7d., which is subject to depreciation on the 
Securities mentioned above, and to the collection of the 
Subscriptions in arrear. 

We are glad to observe that the new Clerk to the 
Council appears to be doing his work extremely well, the 
improvement in the Books and Accounts being very 
marked. 

We are, 

Yours faithfully, 

CRAIG, GARDNER & CO. 
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The Timber Trades Journal, 
The IiidiAQ and Eastern Engineer. 
Indian Engineering, 
Caissier's Slagaztne, 
Engineering Record (New York). 
Railway and Tramway World* 



Electrical Eei^iew. 



The Volumes of "Trana action a" are exchanged with the foUoTfing 
InstihilionSj &c. : — 



American Academy of Arts and Sciences, 

American Society of Cii^il Engineers, 

American Society of Mechanical Engineers, 

Canadian Society of Civil Engineers, 

Engineers' Club of Philadelphia. 

Fmnkiin Institute. 

Institution of Civil Engineers, 

Institution of Mechanical Engineers. 

Institution of Engineers and Shipbuilders in 
Scotland* 

Junior lustitutjon of Engineers. 

Liverpool Engineeringr Society. 

Midland Institute of Mining, Civil, and Mecha- 
nical Enr^ineers. 

North of England Instittite of Mining and 
Mechanical Engineers, 

Nova Scotian Institute of Science. 

Royal Engineer Institute. 

Royal Institute of British Architects* 

Royal Scottish Society of Arts, 

Royal Society of Antiquaries of Ireland, 

Smithsonian Institution, 

Sociedad Cientifica Argentina. 

Society of Art?. 

Society o£ Engineers. 

Surveyors* Institution. 

West of Scotland Iron and Steel Institute. 



Boston. 

New York. 
New York. 

Montreal. 

Philadelphia. 

Philaddphia 

London. 

London. 

Glasgow, 

London, 

LiverpooL 

Bariisley 

Newcastle 
Hftlifaxj N* S- 
Chatham. 

London, 

Edinburgh, 

Dublin* 

Washington. 

Buenos Ay res, 

London 

London. 

London. 

Glasgow.. 




HONORARY MEMBERS 
{Hon. M. Inst.CEJ.) 



>LBOTB» 

1(^06 Rt. Hon. John Campbell Earl 
of Aberdeen, Lord Lieutenant- 
General and General Governor 
of Ireland .... 

1902 Rt. Hon. William Humble, Earl 
of Dudley .... 

1868 M \ Grubb, Sir Howard, 
1882 H.M. j F.R.S., F.R.A.S., &c. 

1897 Cameron, Sir Chas. A., C.B., 
M.D., F.R.C.S.L . 

1901 Thrift, Professor W. E., F.T.C.D. 



Vice Regal Lodge, Dublin. 

9 Carlton Gardens, Pall Mai; 

London, S.W. 
Rockdale, Orwell-road, Rath- 
gar, Dublin. 

51 Pembroke-road, Dublin. 
Trinity College, Dublin. 



MEMBERS 

{MJn8t.C.E.L) 
1901 AUanson-Winn, Rowland G. A., 22 South Frederick-st., Dublin^ 

B.A., Cantab. {Mem. of Council) 
1904 A.M.7 Allman, Alfred . 
1906 M j 
1892 Alexander, Professor Thomas, 

M.A.I 

1898 Allen, Henry, B.E. . 



and Glenbeigh, Killarney. 
Harbour Works, Roundstone, 
Co. Gal way. 



1869 
1875 



9 F.L.A.l Apjohn, 
5 F.L.M.j M.A., 



James Henry, 
M. Inst. C.E. 
{F,L.M.) 
1880 Armstrong, George Allman 



1877 Aspinall, John Audley Frederick, 
M. Inst. C.E. {L.M., Past 
President) 

1903 Atock, Thomas, B.A. 

1880 Backhouse, Marmaduke, M.A.I. 

1902 Bain, Andrew (Major, R.E.) 
{L,M.) 



1896 Barnard, Albert William . 
1896 Barnes, Robert Stephenson 



39 Trinity College, Dublin. 

Rehoboth House, South Cir- 
cular-road, Dublin. 

17 Victoria-street, West- 
minster, London, S.W. 



Timoleague and Courtmac- 
sheiTy Light Ry., Bandon, 
Co. Cork. 

Gledhill, Mossley Hill Drive, 
Sefton Park, Liverpool. 

25 Cabra-road, Dublin. 

8 & 9 Harcourt-terrace, Dublin. 

Commissioner of Civil Police, 

Northern Nigeria, West 

Africa, Blenheim Club, St. 

James' Square, S.W. 
Coolyhane House, Macrooiu, 

Co. Cork. 
Tales I own, Navan, Co. Meath. 



1879 



Mi 



1876 a\ Barnes, John Frederick 
Evelyn, C.M.G 
C.E. (F.L.M.) 



Evelyn, C.M.G., M. Inst. 



1874 a] Barrington, Edward . 
1880 Mj 

1905 Batchen, Thomas Mackenzie 
(Member of Council) 

1865 Beatty, John .... 

1892 Bergin, Francis, B.E. {Member 
of Council,) 

1899 Bergin, John Philip . 

1890 Berry, Joseph . • 

1883 Birch, Edward Robert, . 

Assoc. M. Inst. C.E. 
1 905 Boyd, Lucius John . 

1900 Brett, Henry Charles, B.A., B.E. 
1874 Brett, John H. {L.M.) 

1895 Buckley, Michael J. . 

1905 Burtchaell, David Edward, B.E. 

•1901 A.M. \ Byrne, John Joseph, 

1906 M / M.LM.E. 

1904 Calwell, Robert Inkerman, B.E. 

1876 a] Chappell, Henry 
1883 Ml 

1907 Cheeke, William A.. 

1895 Clarke, Eugene O'Neill, B.E. . 

1865 Clark, George R. 

1903 Clarke, Henry Wray, M.A. 

1870 A \ Cochrane, Robert, LL.D., 
1882 m J I.S.O., M.R.I.A., F.S.A., 
F.R.I.B.A. {Past President) 
1888 Coey, Robert . . . 

1890 Coffee, Francis R. . . . 

1902 CoUen, William, B,E., M. Insl. 
C.E. {Member of Council) 



Chief Engineer, P. W. D., 
Natal, South Africa. 

3514 N. St., N.W., Wash., 
D.C., U.S.A. 

Westbourne, Temple Gardens 
Palmerston Park, and Board 
of Public Works, Dublin. 

India. 

Beech Grove, Kildare. 

County Surveyor's Office, 11 
Rutland-square, Dublin. 

Town Hall, Kingstown, Co. 
Dublin. 

Birch Grove, Roscrea, Co. 
Tipperary. 

Cherokee Lodge, Lindenhurst, 
Long Island, New York. 

19 Wellington-road, Dublin. 

Co. Surveyor, Antrim,- Belfast. 

26 Bessboro'-terrace, North 
Circular-road, Dublin. 

St. Joseph's Cottage, Howth, 
Co. Dublin. 

1 Haroldville Terrace, S.C.R., 
Dublin. 

16 Donegal Square, South, 

Belfast. 
The Grove, Newtownards, Co. 

Down. 

2 Lower Merrion St., Dublin. 

County Surveyor, Leitrim ; 

Carrick-on-Shannon, 
P. W. D., Darjeeling, India. 

Bay View, Larne Harbour, 

Co. Antrim. 
Board of Works, Dublin, and 

17 Highfield-road, Rath gar. 

St. John's, Island Bridge, 

Dublin. 
2 Eaton-terrace, Tramore, Co. 

Waterford. 
County Surveyor, Dublin ; 70 

Upper Leeson-street, Dublin. 



■*L«CTFn 

1886 Comber, Patrick For8tall,M.In8t. 

C.E., F.S.I. 
1865 Cooke, Theodore, M.A., M.A.L, 

LL.D., CLE., F.G.S^ F.L.S. 

{F.L.M.) 
1906 Cotton, W. F., junr. 

1900 Cowan. Peter Chalmers, M. Inst. 

C.E, (Member of Council.) 
1860 Crawford, R., IM.E., M. Inst. 

C.E. 
1883 Creery, Leslie, B.A.I. 
1904 A.M.|^ Crofts, Freeman Wills 
1905 



)4 A.M.7 
)5 M J 



1892 Ciisack, Henry Edward . 

1902 Davis, Charles Henry (F.L.if). 
1884 a] De Burgh, Ernest Macartney 

1899 Mj 

1900 Dick, Frederick J., M. Inst. 

C.E. 
1863 Dillon, James, M. Inst. C.E., 
(Past President) 

1862 Dodd, George (F.L.M.) 
1908 Downing, Arthur J. 

1888 Doyle, Patrick (F.L.M. \ 

M.R.LA., F.R.S. 
1878 Dutfin, William Edmund 

L'Estrange 
1907 Eustace, George Needham 

1898 Fallon, Bernard N., J.P. 

1873 a\ Ferguson, William, B.E., 

1899 M) M.A., M. Inst. C.E. 
1804 Fletcher, Francis Dudley . 

1900 Fortescue, Matthew, B.A., B.E. 

1906 M* l ^^l^^^it^j -A., de Rohan . 

1903 Gallagher, Stephen Gerald, B.E. 



19 Lower Leeson-street, 

Dublin. 
Portswood, Kcw Gardens, 

Surrey. 

45 Sir John Rogerson's-quaj, 

Dublin. 
Local Government Board, 

Dublin. 
Stonewold, Ballyshannon, Co. 

Donegal. 

Lisnalnrg, Shankill,Co. Dublm. 

Engineer's Office, Midland 

Railway (Northern Counties 

Committee), Coleraine. 

M. G. W. Ry. Works, Broad- 

stone, Dublin. 
25 Broad-street, New York. 
Union Bank of Australia, | 

Sydney, N.S.W. 
Point Loma, Homestead, San 

Diego, Cal., U.S.A. 
36 Dawson-street, and Strat- 
ford House, Glenagearj, 
Co. Dublin. 

Old Cabra House, Cabra, 

Dublin. 
19 Lall Bazar, Calcutta. 

County Surveyor, Waterford; 

Larkfield, Waterford. 
Knockrath, Greystones, Co. 

Wicklow. 
Netterville Lodge, Toomard, 

Ballinasloe. 
Harbour Board, Wellington, 

New Zealand. 
Shannon Office, Board of 

Works, Limerick. 
57 Grosvenor-road, Rathgar, 

Dublin. 

47 London Rd., Southampton. 

County Surveyor, Wicklow ; 
Wentworth Place, Wicklow. 



1875 Geoghegatij Samuel . , 

1895 M r^^*^^^^®*? William Fawcette 

1877 Glover, Edward, M.A., B.E., 
M. In^i, aE,, F.R.LB.A. 

{Fast Fresiilmt) 
1887 A f Going, Shirley Russell 
1892 M I (Z.Jf.) 



1895 Grmyy George David, B.E. 

190S Griffith, Dudley Perceval , 
■l {KLM:^, M-A., B.A,L 

, 1871 Griffith, John Purser, M, 
C.E, (Past President) 



InsL 



J9 A.M, t Hade, W. Patrick 
1902 M ) 

1908 Hrtle, Alexander {F.LM.) 
1898 Hargrave, Joshua HMrmon, 

B*A., B,E. (Mcmbei* of Council) 

1902 M 1 ^^^*^* George Marshall , 

1875 Harty, Spencer 

{Past President) 

1896 Havcroft, Jame» I^aac, B,E, 

(f.L.AL) 
\S7'2 Heeiian, Robert Henry, M. Inst* 
C.E. 

1887 Henderson, Ernest - 

1902 Hicksonj George A, E., B.A.L 
1895 Hili, William Heiirj, junn 

1897 A ) 

1905 A,M. V 

1907 M ) 

1906 Hiflde, William Henn 

1903 Holmes, Sir George, Kav,0., 

C.B. 



The Gro?e, KillinejiCo.Dublin* 

Wine-street, Sligo, 

County Survivor, Kildare, 
Courihonse, Kaas, 

17 Xfissau«street, Dublin, and 
35 Sandycove-road, Kings- 
tow n, Co, Duhlin. 

36 EdenvaJe-roaiJ, Ranelagh, 
Co. Dublin. 

Imperial Railways of North 
China ; Xongshan, North 
China. 

Rathminefl Castle, Rath mines, 
Dnblin, and Port and Docks* 
Office, East-wnil, Dublin. 

Dublin»street, Carlo w. 

How rah, Bengal, 
Great Northern Railway, 
Atnlens-street, Dublin. 

Barrow House, Carlow* 

Ranela^h House, Balls-bridge, 
and Engineer's Office, City 
Hall, Dublin. 
Fo 1 1 te noy , Ocean -at., Woollali r a ; 
Sydney, New 8tb. Wales. 
Harbour Works, Cape Town- 

Canadian Pacific Railway, 
Smithfalb, Ontario, Canada. 
25 Denny-street, Tmlee. 
S York -terrace, Cork, 



H i gff in both am , Freder i ck 
William 



9 Lower 
Dublin- 



Sack vide Street, 



1906 a.mJ 

1908 M y 



Holmes, Herry 



2 Lower Merrion-st., Dublin. 
Chairman, Br>ard of Works 
Dornden, Booterstown, Co- 
Dublin. 
Ste y n t on , Court ney Road , 
Croydon, 



KLECTXD 

1901 Hope, Jolin Basil, M.T.M.E. 



1904 Hopkirk, F^rancis George . 

1897 Hurtzig, Arthur Cameron,M.Inst. 

C.E. 

1882 Ivatt,Henry Alfred, M. Inst. C.E. 
1907 Jackson, James T. 

1893 Johnston, George Leopold 

1901 Jolly, James, B.A., B.E. . 

1877 Joyce, Arthur Edward 

1888 Kaye-Parry, William, M.A., 

B.E., M. Inst. C.E., F.R.I.B.A. 

1896 Keating, W. Johnson, B.E. 
1907 Kettle, L. J 

1902 Kirwan, Robert Joseph, B. A., 

B.E. 
1907 Knowles, George H. 

1906 Lailey, H. G. Nicholson . 

1901 Latham, Frank 

1883 Latimer, John .... 

1898 Leahy, James D. , , . 

1889 Leask, Robert H. . . . 
1901 Lilly, Walter Elsworthy, M.A., 

M.E., D.Sc. aion. Sec.) 
1856 Lyons, M. E. (F.L.M.) . 
1896 Martin, Frank V., B.E. (L,M.) . 
1898 Maunsell, Richard Edward 

Lloyd 
1901 McCarthy, Patrick Harnett, B.A. 

B.A.L 
1880 M-Donald, Donald . . . 



M. G. W. Ry. (Loco. Engineers* 
Dept.), Broadstone, Dublin ; 
Fernhurst, Orwell Park, 
Dublin. 

Midland Railway (Northern 
Counties Committee), Bel- 
fast, 
2 Queen Square-place, West- 
minster, London, S.W. 

Gt. Northern Ry., Doncaster. 

I'd Kim mage Road, Harold's 
Cross, Dublin. 

Goleen, Co. Cork. 

London United Tramways, 
Engineers' Dept., Hi«;h- 
road, Chiswick, London, W. 

County Surveyor, Westmeath; 
Ballinagore, Co. Westmeath. 

48 Kildare-street, Dublin, 
and 6 Charleraont- terrace, 
Kingstown. 

28 York- road. Rath mines, 
Dnblin. 

27 Northumberland-road, 
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don, S.W, ■ 
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1 1874 WitkoLi, Frederick Richard 
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Dublin. 
BallydufF House, Tullamore, 
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Dublin. 
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1907 
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1903 


Grant, Lnivford Stanlev 


G.P,0., Box 2500, Montreal, ^| 




Fosier, A.M.LE.E,; 
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1902 


Kerr, Henry Forrest, B.E. 


1905 
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(F.L.A.M.) 


1901 


Leask, Henry Norman . 


1906 


Macnab, E. S. Macgregor 


1902 


Magill, Joseph Ponsonby . 


1907 


Marr, J. Heppell 


1903 
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Murpliy, William Elliott 
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■ 


^^^^^V 13 


^^^^M 


CLKCntli 




^^^H 


J 904 


M'Alery, Joseph Riclinrd 


Engineer's Offices, Arjientine ^H 


• 


Pike 


Great Wej^tern BaiLway, H 
Mendoza^ Ar^. Hepnblic. ^U 


T903 


MCsndlJas, pjahn C\ 
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